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(57) ABSTRACT 

Certain implementations of the disclosed technology include 
systems and methods for internal co-convergence using 
clustering when there is hierarchy in the data structure. A 
method is included for clustering hierarchical database 
records into a first set of clusters having corresponding first 
cluster identifications (IDs), each hierarchical database 
record including one or more field values, the clustering 
based at least in part on determining similarity among 
corresponding field values of the hierarchical database 
records. The method includes receiving parent-child hierar 
chical relationship information for the hierarchical database 
records, re-clustering at least a portion of the hierarchical 
database records into a second set of clusters having corre 
sponding second cluster IDs, the re-clustering based at least 
in part on the received parent-child hierarchical relationship 
information, and outputting hierarchical database record 
information, based at least in part on the re-clustering. 

1. 600 

Clustering database records into a first set of clusters having 
corresponding first cluster identifications (IDs), each database record 
comprising one or more field values, wherein the clustering is based 
at least in part on determining similarity among corresponding field 

values of the database records 

Associating mutually matching database records, wherein the 
asSociating Comprises performing at east one matching iteration for 
each of the database records, wherein the matching iteration is based 

at least in part on the first cluster DS 

Determining similarity among corresponding field values of the 
database records 

Re-clustering at least a portion of the database records into a second 
set of clusters having corresponding second cluster Ds, the re 

clustering based at least in part on the associating and on determining 
similarity among corresponding field values of the database records 

Outputting database record information, based at least in part on the 
re-clustering. 
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1. 600 

Clustering database records into a first set of clusters having 
corresponding first cluster identifications (IDS), each database record 
comprising one or more field values, wherein the clustering is based 692 
at least in part on determining similarity among corresponding field 

values of the database records 

604 ASSociating mutually matching database records, wherein the 
asSociating Comprises performing at least one matching iteration for 
each of the database records, wherein the matching iteration is based 

at least in part on the first cluster IDs 

606 

Determining similarity among corresponding field values of the 
database records 

Re-clustering at least a portion of the database records into a second 608 
set of clusters having corresponding second cluster Ds, the re 

clustering based at least in part on the associating and on determining 
similarity among corresponding field values of the database records 

610 

Outputting database record information, based at least in part on the 
re-clustering. 

F.G. 6 
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1. 7OO 

Custering hierarchical database records into a first set of clusters 
having corresponding first cluster identifications (IDs), each 702 

hierarchical database record comprising one or more field values, the 
clustering based at east in part on determining similarity among 
corresponding field values of the hierarchical database records 

704 

Determining parent-child hierarchical relationships among the 
hierarchical database records, 

Associating related hierarchical database records by applying a 
hierarchal directional linking process, the hierarchai directional linking 
proceSS Comprising Selecting and applying at least an upward process 

based on the determined parent-child hierarchical relationship 
wherein the upward process comprises: determining, from the 7O6 

parent-child hierarchical relationships, similarity among a plurality of 
child records having separate parent records; and in response to 
determining a threshold similarity among the plurality of child 

records, inferring that the separate parent records correspond to the 
Same entity 

Re-clustering at east a portion of the database records into a second 708 
set of clusters having corresponding second cluster IDs, the re 

clustering based at least in part on the associating and on determining 
similarity among corresponding field values of the database records 

Outputting database record information, based at least in part on the 
re-clustering. 

FIG. 7 

710 
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1. 800 

Custering hierarchical database records into a first set of clusters 
having corresponding first cluster identifications (IDs), each 3O2 

hierarchical database record Comprising one or more field values, the 
clustering based at least in part on determining similarity among 
corresponding field values of the hierarchical database records 

804 

Receiving parent-child hierarchical relationship information for the 
hierarchical database records 

Re-clustering at least a portion of the database records into a second 806 
set of clusters having corresponding second cluster Ds, the re 
clustering based at least in part on the parent-child hierarchical 

relationship information 

Outputting hierarchical database record information, based at least in 
part on the re-clustering. 

FIG. 8 
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1. 900 
Associating external query data having one or more query field values with a record in 
a tinked hierarchical database, the inked hierarchical database comprising a plurality 

of records, each record having a record identifier and representing an entity in a 
hierarchy, each record associated with a hierarchy level, each record comprising one 902 

or more fields, each field configured to contain a field value, the associating 
comprising: receiving the external query data, wherein the external query data 

comprises one or more search values; and identifying, from the plurality of records in 
the linked hierarchical database, one or more matched fields having field values that at 

least partially match the one or more search values 

Scoring, with zero or more match weights, each of the one or more matched fields 

Determining an aggregate weight for each matched field based at least in part on the 
Scoring with the zero or more match weights 

Sorting the one or more matched fields according to the determined aggregate weights 

Merging, based at least in part on determining the aggregate weights, the one or more 

904 

906 

908 

910 

matched fields to form a merged table having records with matched fields sorted by 
aggregate weights 

Scoring the merged table based at least in part on the aggregate weights 

identifying, based at east in part on the Scoring, a grouping comprising one or more of 

92 

94. 

the plurality of entities within a same branch of the hierarchy and corresponding to 
different hierarchy levels 

918 
Outputting, based at east in part on the scoring and identifying, a record identifier 

corresponding to a matching entity in the hierarchy. 

FIG. 9 
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1. OOO 
Receiving, at a computing device, a first indication input comprising at least 

a portion of a first query term 

002 

Identifying, based on the received first indication input, one or more first 
matching records in a hierarchical database, the hierarchical database 

Comprising a plurality of records, each record representing an entity in a 1004 
hierarchy, each record associated with a level of the hierarchy, each record 

comprising one or more fields, each field of the one or more fields 
configured to contain a field value, the one or more first matching records 

comprising one or more fields having an associated first matching field value 
that at least partially matches the received portion of the first query term 

Outputting, for display, one or more first matching fied values of the one or 
more first matching records 

Receiving, at the computing device, a second indication input signifying a 
selection of one of the one or more first matching field values 

OO6 

O08 

01.0 

Receiving, at the Computing device, a third indication input comprising at 
least a portion of a second query term 

ldentifying, based on the received second indication input and the third 
indication input, zero or more second matching records in the hierarchical 
database, the zero or more second matching records comprising one or 
more fields having an associated second matching field value that at east 
partially matches the received portion of the second query term, wherein 

the zero or more second matching records comprise child hierarchy records 
associated with the one or more first matching records 

O12 

O4. 

Outputting, for display, zero or more second matching field values of the 
Zero or more Second matching records. 

F.G. 10 
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INTERNAL LINKING CO-CONVERGENCE 
USING CLUSTERING WITH HIERARCHY 

RELATED APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 14/666,423, filed 24 Mar. 2015 and 
published as U.S. Patent Application Publication US2015/ 
0199418 on 16 Jul. 2015, entitled “Internal Linking Co 
Convergence Using Clustering With Hierarchy.” U.S. patent 
application Ser. No. 14/666.423 is a continuation of U.S. 
patent application Ser. No. 14/029,710, filed 17 Sep. 2013, 
which published as U.S. Patent Application Publication 
US2014/0032557 on 30 Jan. 2014 and issued on 19 May 
2015 as U.S. Pat. No. 9,037,606. U.S. patent application Ser. 
No. 14/029,710 is a continuation of U.S. patent application 
Ser. No. 13/648,709 filed 10 Oct. 2012 and issued as U.S. 
Pat. No. 8,676,838 on 18 Mar. 2014, entitled “Adaptive 
Clustering of Records and Entity Representations.” U.S. 
patent application Ser. No. 14/029,710 is also a continua 
tion-in-part of U.S. patent application Ser. No. 12/637.286, 
filed 14 Dec. 2009, published as U.S. Patent Application 
Publication US2010/0094910, issued as U.S. Pat. No. 9,015, 
171 on 21 Apr. 2015, and entitled “Method and System for 
Linking and Delinking Data Records.” The contents of these 
documents are hereby incorporated by reference in their 
entirety as if set forth in full. 

BACKGROUND 

0002 One of the most difficult and complex tasks in a 
data processing environment involves the data integration 
process of accurately matching, linking, and/or clustering 
records from multiple data sources that refer to a person, a 
business, a hierarchical structure or other entity. The task of 
data integration often becomes more difficult as the amount 
of collected data grows. This issue, also known as the "Big 
Data” problem tends to limit the capability of organizations 
to process and use their data effectively and it makes the 
record linkage process even more challenging. 
0003 Certain forms of data can be used to represent a 
hierarchy. A hierarchy is a general term that can be used to 
describe an arrangement of entities at various levels within 
a given structure. A hierarchy may be utilized to describe 
many types of phenomena, organizations, structures, pro 
cesses, etc. For example, a business may be represented by 
an organization chart in which the various levels of the 
business may be defined by functions, seniority, locations, 
direct reports, etc. A chief executive officer, for example, 
may report to a board of directors at the top of a hierarchy, 
and managers may report to the chief executive officer, and 
so forth. Thus, for a given level, there may be related entities 
above, below, or at the same level. Entities in the hierarchy 
may be linked vertically and/or horizontally. Certain links 
between the entities may be direct, indirect, or non-existent. 
0004. In hierarchical structures, it is often the relation 
ships and connections between the various entities in a 
hierarchy that allow one to understand the structure and 
make determinations about how a particular entity fits into 
the structure. For example, critical information may be 
missing with regard to an entire branch of a hierarchy if a 
single parent/child relationship in the hierarchy is missing or 
unknown. 
0005. The data in a hierarchy can be organized according 
to various structures. For example, a simple tree structure 
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may include parent/child relationships in which each parent 
can have many children but each child only has one parent. 
More complex structures may exist within certain hierarchy 
structures that allow parents to have multiple children, and 
children to have connections with multiple parents. Even 
more complex structures may allow for direct or indirect 
connections between entities on the same or different levels. 
Yet other data structures may exist where it is desired to 
determine relationships among the data where no implicit 
hierarchy structure exists within the data. 

SUMMARY 

0006. Some or all of the above needs may be addressed 
by certain implementations of the disclosed technology. 
Certain implementations may include systems and methods 
for linking entities in an internal database (where all data is 
available) by utilizing co-convergence and clustering. Cer 
tain methods disclosed may allow relationships to be deter 
mined when there is a hierarchy structure that is known. 
Other methods disclosed may allow hierarchy relationships 
to be determined when there is a hierarchy structure in the 
data, but the hierarchy structure is unknown. 
0007 According to an example implementation, a 
method is provided. The method may include clustering 
hierarchical database records into a first set of clusters 
having corresponding first cluster identifications (IDS), each 
hierarchical database record comprising one or more field 
values, the clustering based at least in part on determining 
similarity among corresponding field values of the hierar 
chical database records; determining parent-child hierarchi 
cal relationships among the hierarchical database records; 
associating related hierarchical database records by applying 
a hierarchal directional linking process, the hierarchal direc 
tional linking process comprising selecting and applying at 
least an upward process based on the determined parent 
child hierarchical relationship wherein the upward process 
comprises: determining, from the parent-child hierarchical 
relationships, similarity among a plurality of child records 
having separate parent records; and in response to determin 
ing a threshold similarity among that the plurality of child 
records, inferring that the separate parent records correspond 
to the same entity; re-clustering at least a portion of the 
database records into a second set of clusters having corre 
sponding second cluster IDs, the re-clustering based at least 
in part on the associating related hierarchical database 
records and on the determining similarity among corre 
sponding field values of the database records; and outputting 
database record information, based at least in part on the 
re-clustering. 
0008 According to another example implementation, 
another method is provided. The method includes clustering 
hierarchical database records into a first set of clusters 
having corresponding first cluster identifications (IDS), each 
hierarchical database record comprising one or more field 
values, the clustering based at least in part on determining 
similarity among corresponding field values of the hierar 
chical database records; receiving parent-child hierarchical 
relationship information for the hierarchical database 
records; re-clustering at least a portion of the hierarchical 
database records into a second set of clusters having corre 
sponding second cluster IDs, the re-clustering based at least 
in part on the received parent-child hierarchical relationship 
information; and outputting hierarchical database record 
information, based at least in part on the re-clustering. 
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0009. According to another example implementation, a 
system is provided. The system includes at least one 
memory for storing data and computer-executable instruc 
tions; and at least one processor configured to access the at 
least one memory and further configured to execute the 
computer-executable instructions for: clustering hierarchical 
database records into a first set of clusters having corre 
sponding first cluster identifications (IDS), each hierarchical 
database record comprising one or more field values, the 
clustering based at least in part on determining similarity 
among corresponding field values of the hierarchical data 
base records. When a hierarchy structure of the hierarchical 
database records is unavailable, the system is configured for 
determining parent-child hierarchical relationships among 
the hierarchical database records; associating related hier 
archical database records by applying a hierarchal direc 
tional linking process, the hierarchal directional linking 
process comprising selecting and applying at least an 
upward process based on the determined parent-child hier 
archical relationship wherein the upward process comprises: 
determining, from the parent-child hierarchical relation 
ships, similarity among a plurality of child records having 
separate parent records; and in response to determining a 
threshold similarity among that the plurality of child 
records, inferring that the separate parent records correspond 
to the same entity; re-clustering at least a portion of the 
hierarchical database records into a second set of clusters 
having corresponding second cluster IDs, the re-clustering 
based at least in part on the associating related hierarchical 
database records and on the determining similarity among 
corresponding field values of the database records. When a 
hierarchy structure of the hierarchical database records is 
available, the system is configured for receiving parent-child 
hierarchical relationship information for the hierarchical 
database records; re-clustering at least a portion of the 
hierarchical database records into a second set of clusters 
having corresponding second cluster IDs, the re-clustering 
based at least in part on the received parent-child hierarchi 
cal relationship information; and outputting hierarchical 
database record information, based at least in part on the 
re-clustering. 
0010. According to another example implementation a 
non-transitory computer-readable media is provided. The 
computer-readable media is capable of storing computer 
executable instructions that, when executed by one or more 
processors, cause the one or more processors to perform a 
method comprising: clustering hierarchical database records 
into a first set of clusters having corresponding first cluster 
identifications (IDS), each hierarchical database record com 
prising one or more field values, the clustering based at least 
in part on determining similarity among corresponding field 
values of the hierarchical database records. When a hierar 
chy structure of the hierarchical database records is unavail 
able, the computer-readable media provides instructions for 
determining parent-child hierarchical relationships among 
the hierarchical database records; associating related hier 
archical database records by applying a hierarchal direc 
tional linking process, the hierarchal directional linking 
process comprising selecting and applying at least an 
upward process based on the determined parent-child hier 
archical relationship wherein the upward process comprises: 
determining, from the parent-child hierarchical relation 
ships, similarity among a plurality of child records having 
separate parent records; and in response to determining a 
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threshold similarity among that the plurality of child 
records, inferring that the separate parent records correspond 
to the same entity; re-clustering at least a portion of the 
hierarchical database records into a second set of clusters 
having corresponding second cluster IDs, the re-clustering 
based at least in part on the associating related hierarchical 
database records and on the determining similarity among 
corresponding field values of the database records. When a 
hierarchy structure of the hierarchical database records is 
available. the computer-readable media provides instruc 
tions for receiving parent-child hierarchical relationship 
information for the hierarchical database records; re-clus 
tering at least a portion of the hierarchical database records 
into a second set of clusters having corresponding second 
cluster IDs, the re-clustering based at least in part on the 
received parent-child hierarchical relationship information; 
and outputting hierarchical database record information, 
based at least in part on the re-clustering. 
0011. Other implementations, features, and aspects of the 
disclosed technology are described in detail herein and are 
considered a part of the claimed disclosed technology. Other 
implementations, features, and aspects can be understood 
with reference to the following detailed description, accom 
panying drawings, and claims. 

BRIEF DESCRIPTION OF THE FIGURES 

0012 Reference will now be made to the accompanying 
figures and flow diagrams, which are not necessarily drawn 
to Scale, and wherein: 
0013 FIG. 1A is a block diagram of an illustrative 
clustering process, according to an example implementation 
of the disclosed technology. 
0014 FIG. 1B is a block diagram of a clustering process, 
according to an example implementation of the disclosed 
technology. 
0015 FIG. 2A is a block diagram of an illustrative 
tree-type organization chart according to an example 
embodiment of the disclosed technology. 
0016 FIG. 2B is a block diagram depicting an illustrative 
entities in an organization, where the hierarchy structure is 
not available and the data is incomplete. 
0017 FIG. 2C is a block diagram depicting illustrative 
entities (as included in FIG. 2A), where the hierarchy 
structure is partially known or determined, according to an 
example implementation of the disclosed technology. 
0018 FIG. 2D is another block diagram depicting illus 
trative entities (as included in FIG. 2A), where the hierarchy 
structure is partially known or determined, according to an 
example implementation of the disclosed technology. 
0019 FIG. 2E is a block diagram depicting an example 
complex hierarchy structure. 
0020 FIG. 3 is a block diagram depicting an example 
organization and associated hierarchical linkages. 
0021 FIG. 4A depicts an example implementation of an 
external linking process, according to an example embodi 
ment of the disclosed technology. 
0022 FIG. 4B depicts an external linking process, in 
accordance with an example implementation of the dis 
closed technology, in which the entities may form a hierar 
chy. 
0023 FIG. 5A depicts example hierarchical structures for 
illustration purposes. 
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0024 FIG. 5B depicts an intermediate result of an exter 
nal linking process based on hierarchal level weightings, 
according to an example implementation of the disclosed 
technology. 
0025 FIG. 5C depicts example results of an external 
linking process based on hierarchal level weightings, 
according to an example implementation of the disclosed 
technology. 
0026 FIG. 6 is a flow diagram of a method according to 
an example implementation of the disclosed technology. 
0027 FIG. 7 is a flow diagram of another method accord 
ing to an example implementation of the disclosed technol 
Ogy. 
0028 FIG. 8 is a flow diagram of another method accord 
ing to an example implementation of the disclosed technol 
Ogy. 
0029 FIG. 9 is a flow diagram of another method accord 
ing to an example implementation of the disclosed technol 
Ogy. 
0030 FIG. 10 is a flow diagram of another method 
according to an example implementation of the disclosed 
technology. 
0031 FIG. 11 is a block diagram of an illustrative com 
puting system, according to an example implementation of 
the disclosed technology. 

DETAILED DESCRIPTION 

0032. Some implementations of the disclosed technology 
will be described more fully hereinafter with reference to the 
accompanying drawings. This disclosed technology may, 
however, be embodied in many different forms and should 
not be construed as limited to the implementations set forth 
herein. 
0033. In the following description, numerous specific 

details are set forth. However, it is to be understood that 
implementations of the disclosed technology may be prac 
ticed without these specific details. In other instances, well 
known methods, structures and techniques have not been 
shown in detail in order not to obscure an understanding of 
this description. References to “one implementation.” “an 
implementation,” “example implementation,” “various 
implementations.” etc., indicate that the implementation(s) 
of the disclosed technology so described may include a 
particular feature, structure, or characteristic, but not every 
implementation necessarily includes the particular feature, 
structure, or characteristic. Further, repeated use of the 
phrase “in one implementation does not necessarily refer to 
the same implementation, although it may. 
0034) Throughout the specification and the claims, the 
following terms take at least the meanings explicitly asso 
ciated herein, unless the context clearly dictates otherwise. 
The term “connected,” means that one function, feature, 
structure, or characteristic is directly joined to or in com 
munication with another function, feature, structure, or 
characteristic. The term "coupled, means that one function, 
feature, structure, or characteristic is directly or indirectly 
joined to or in communication with another function, fea 
ture, structure, or characteristic. The term 'or' is intended to 
mean an inclusive “or.” Further, the terms 'a,” “an,” and 
“the are intended to mean one or more unless specified 
otherwise or clear from the context to be directed to a 
singular form. 
0035. The various embodiments disclosed herein may 
apply to a wide variety of applications, including but not 
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limited to data analytics, entity resolution, entity searching. 
removal of duplicate records, and increasing the speed and 
accuracy of such applications. 

1A. Internal Co-Convergence Using Clustering 
(with No Hierarchy in the Data Structure) 

0036). According to certain example implementations of 
the disclosed technology, record linking and clustering may 
involve an internal linking process. In an example imple 
mentation of the disclosed technology, internal linking may 
include (1) determining relationships among available data: 
(2) computing an aggregate relationship between any two 
entities; and (3) partitioning the data (and/or the space 
defined by the data) based upon the relationships. 
(0037 For example, an internal linking processes may 
receive or utilize all available information and partition or 
cluster the data according to different entities and/or rela 
tionships among the different entities. In one example imple 
mentation, the data may be evaluated for its relationship to 
a particular entity, and the data may be grouped into a cluster 
based on certain characteristics or similarities with members 
of the cluster. In accordance with an example implementa 
tion of the disclosed technology, one of the core features of 
co-convergence is that the cluster sets may represent differ 
ent entities. In one example implementation, co-conver 
gence may involve two different processes clustering two 
different entity spaces that are collaborating. 
0038. In certain embodiments, a general goal of co 
convergence may be to cluster related records, then re 
cluster the clusters without ruining the original cluster. 
Co-convergence may be utilized to understand parts of a 
structure, but it may be difficult to understand how the parts 
fit together without knowledge of the structure. In an 
example implementation, co-convergence may elicit the 
structure from the relationships of the parts. 
0039. Certain examples of co-convergence using cluster 
ing may be applied to a single set of data records. Other 
examples of co-convergence using clustering may be 
applied to two or more sets of data records. For example, a 
single record set might include fields such as Name, Address 
and may be co-converged to elicit people and places. In 
another example implementation, two completely different 
record sets may be co-converged at the same time. For 
example, one set of data may represent people and include 
fields such as First Name. Last Name. Address, and another 
set of data may represent businesses and include fields such 
as Business Name. Address. Certain example implementa 
tions of the disclosed technology may allow converging 
separate entity spaces in sync, where in certain embodi 
ments, the separate entity spaces may be in different record 
SetS. 

0040 FIG. 1A and FIG. 1B provide example graphical 
representations of a clustering and co-convergence process, 
according to an example implementation of the disclosed 
technology. FIG. 1A depicts an example initial clustering 
(with no real co-convergence implied). The circles shown in 
FIG. 1A may depict available database record representa 
tions 102 corresponding to two or more different entities. As 
indicated above, such records may be in a single record set, 
or they may be from two or more record sets. Such database 
record representations 102 may be examined and compared 
to determine linkages or relationships among the records. 
The “relationships' among the various records (nodes) may 
be represented (for illustration purposes) as connecting lines 



US 2016/0283575 A1 

(edges), with line weights representing different types of 
relationships and/or weightings among field values of the 
database records. 
0041. In certain example embodiments, each of the 
record data representations 102 may include multiple fields 
(not shown in FIG. 1A), and may therefore be represented as 
nodes in a hyperspace. In one example implementation, the 
record data representations 102 may relate to entities. Such 
as people, and may include fields (such as Last Name, First 
Name. Address, Social Security Number, etc.) with corre 
sponding field values (such as Smith, John, 45 Broad Street, 
543-21-1111). In another example implementation, the 
record data representations 102 may represent entities Such 
as an organization, and may include fields such as corporate 
offices, branches, locations, products, etc., with correspond 
ing field values. In other example embodiments, the record 
data representations 102 may include data representations 
from two or more different record sets. For example, and as 
previously discussed, the data may include representations 
from one set of records that represent people (with fields 
such as Last Name, First Name. Address, Social Security 
Number, etc.) and the data may include representations 
from another set of records that represent businesses (with 
fields Such as corporate offices, branches, locations, prod 
ucts, etc.). 
0042. According to certain example implementations, 
each available record data representation 102 may corre 
spond to an entity representation and may include a plurality 
of fields, each field configured to contain a field value, and 
each field value assigned a field value weight corresponding 
to a specificity of the field value in relation to all field values 
in a corresponding field of the records. 
0043. In accordance with an example implementation, for 
any particular given record attribute, the general process of 
clustering records may be refined with each iteration by 
assuming that all the other records and relationships are 
correct, performing one clustering iteration, then moving on 
to the next record attribute, performing one clustering itera 
tion, and so forth. For example, referring again to FIG. 1A, 
the record data representations 102 may be evaluated with 
respect to a particular attribute and a cluster of records may 
be identified as having certain quantitative or qualitative 
relationships to the particular attribute of interest. 
0044 An example of an initial cluster 106 is depicted in 
FIG. 1. The same initial cluster 106 is shown contained 
within a dotted outline 110 to distinguish the members of the 
cluster from the remaining records 108. The initial clustered 
records 106, as depicted in this example, are shown sharing 
a common attribute identifier: “A.” along with connection 
weights that may represent any number of scenarios, accord 
ing to certain example embodiments of the disclosed tech 
nology. For example, the 'A' identifier and the connecting 
edges may represent certain commonalities with respect to 
the identifier evaluated in the clustering iteration (such as 
exact or partial matches of a last name). 
0045 FIG. 1B depicts another graphical example of an 
additional first iteration clustering 112 of record data repre 
sentations 102 in the data set(s) having an attribute identifier 
depicted as “C.” FIG. 1B also depicts a re-clustering itera 
tion process, according to an example implementation of the 
disclosed technology, in which a new cluster 114 is formed 
having records identified with both “A” and “C” attributes. 
To arrive at the new cluster 114 (and not explicitly shown in 
FIG. 1B), example embodiments may utilize a first iteration 
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process whereby records with “A” attributes are clustered 
while noting relationships (edges and weights, for example) 
between those records having “C” attributes, and vice-versa. 
For example, starting with the initial cluster 110, attributes 
or commonalities (represented by connecting edges) may be 
evaluated to aggregate one or more relationships between 
any two entities. As depicted in FIG. 1B, and based on 
relationships and/or other criteria among the records, the 
new cluster 114 formed in the re-clustering step may include 
certain records of the first iteration clusters 110 112 while 
omitting certain records 116. 
0046. In general terms, and in accordance with an 
example implementation, the available records 102 (as 
shown in FIG. 1A) may be initially clustered into a first set 
of clusters having corresponding first cluster identifications 
(IDS), and each record may include one or more field values. 
For example, records may be clustered according to the 
various identifications, such as “A,” “B,” “C.” “D,' etc., as 
indicated in FIG. 1A. In accordance with an example 
implementation, and as discussed above with respect to 
FIGS. 1A and 1B, the initial clustering iteration(s) may be 
based at least in part on determining similarity among 
corresponding field values of database records. In an 
example implementation, mutually matching records may be 
associated by performing at least one matching iteration for 
each of the records 102, based at least in part on the cluster 
IDs. In an example implementation, the matching iteration 
may include linking related database records based at least 
in part on a determined match value. In another example 
implementation, the matching iteration may include linking 
related database records, based at least in part on determined 
mutually preferred records. In an example implementation, 
the clustering may include a process of determining simi 
larity among corresponding field values of the database 
records. 
0047 According to an example implementation of the 
disclosed technology, the iteration process may include 
re-clustering at least a portion of the database records into a 
second set of clusters (for example, the cluster 114 shown in 
FIG. 1B) having a corresponding second cluster ID. In an 
example implementation, the re-clustering may be based, at 
least in part, on associating mutually matching attributes of 
the initial clusters. In another example implementation, the 
re-clustering may be based, at least in part, on determining 
similarity among corresponding field values of the database 
records. 
0048. In one example implementation, the initial cluster 
ing may include associating mutually matching database 
records, which may include determining highest compelling 
linkages among the database records, which may further 
include identifying mutually preferred pairs of records from 
the database records, each mutually preferred pair of records 
consisting of a first record and a second record, the first 
record consisting of a preferred record associated with the 
second record and the second record consisting of a pre 
ferred record associated with the first record. In an example 
implementation, the mutually preferred pairs of records may 
be assigned a match score that meets pre-specified match 
criteria. 
0049. In an example implementation, the iteration pro 
cess may also include assigning, for each record from the 
database records, at least one associated preferred record, 
wherein a match value assigned to a given record together 
with its associated preferred record is at least as great as a 
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match value assigned to the record together with any other 
record in the database records. In an example implementa 
tion, the iteration process may also include forming and 
storing a plurality of entity representations in the database, 
each entity representation of the plurality of entity repre 
sentations including at least one linked pair of mutually 
preferred records. 
0050. According to an example implementation of the 
disclosed technology, determining similarity among the cor 
responding field values of the records 102 may include 
assigning a hyperspace attribute to each record 102. The 
hyperspace attribute that corresponds to two database 
records may correlate with a similarity of the corresponding 
field values of the two database records. In certain example 
embodiments, membership of each database record in a 
plurality of hyperspace clusters may be determined based at 
least in part on the hyperspace attributes. According to an 
example implementation each record 102 may be assigned a 
cluster ID and a match value reflecting a likelihood that the 
record is a member of a particular hyperspace cluster, and 
related records may be linked based at least in part on the 
cluster ID and match value (as depicted by the edges joining 
the nodes in FIG. 1A). Determining membership of each 
database record in the plurality of hyperspace clusters, for 
example, may include creating a plurality of nodes at 
random locations in hyperspace, each node maintaining 
records in hyperspace based on the hyperspace attribute for 
which it is the closest node. 

0051. In accordance with certain implementations of the 
disclosed technology duplicate records (for example, ones 
that are likely to represent the same entity) may be elimi 
nated by merging those database records that have hyper 
space attribute differences within a predefined criteria, 
resulting in a reduced set of database records. In accordance 
with an example implementation, the process may further 
include recalculating the field value weights for the reduced 
set of database records, and re-clustering the reduced set of 
records based at least in part on the recalculated field value 
weights. 
0052 According to an example implementation, of the 
disclosed technology, the clustering, iterating, recalculating, 
and re-clustering etc. may produce a set of refined clusters 
in which the records in a given set possess criteria that 
resemble the other records in the set. Such clustering may 
provide useful characteristics, categories, structures, etc., for 
understanding the interrelations among records in a data 
base, and may further be used to define characteristics, 
categories, structures, etc., for new data as it becomes 
available. Additional support and descriptions of the dis 
closed technology may be found in U.S. Pat. No. 8.316,047. 
incorporated herein by reference. 
0053 An example method 600, that may be utilized for 
providing internal co-convergence using clustering with no 
hierarchy in the data structure, will now be described with 
reference to the flowchart of FIG. 6. The method 600 starts 
in block 602, and according to an example implementation 
includes clustering database records into a first set of clus 
ters having corresponding first cluster identifications (IDS). 
each database record including one or more field values, 
wherein the clustering is based at least in part on determin 
ing similarity among corresponding field values of the 
database records. In block 604, the method 600 includes 
associating mutually matching database records, wherein the 
associating includes performing at least one matching itera 
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tion for each of the database records, wherein the matching 
iteration is based at least in part on the first cluster IDs. In 
block 606, the method 600 includes determining similarity 
among corresponding field values of the database records. In 
block 608, the method 600 includes re-clustering at least a 
portion of the database records into a second set of clusters 
having corresponding second cluster IDs, the re-clustering 
based at least in part on the associating mutually matching 
database records and on the determining similarity among 
corresponding field values of the database records. In block 
610, the method 600 includes outputting database record 
information, based at least in part on the re-clustering. 
0054. In certain example implementations of the dis 
closed technology, determining similarity among the corre 
sponding field values of the database records may include 
assigning a hyperspace attribute to each database record, 
wherein the hyperspace attribute corresponding to two data 
base records is correlated with a similarity of the corre 
sponding field values of the two database records; determin 
ing membership of each database record in a plurality of 
hyperspace clusters based at least in part on the hyperspace 
attributes; assigning, to each record, a cluster ID and a match 
value reflecting a likelihood that the record is a member of 
a particular hyperspace cluster; and linking related records 
based at least in part on the cluster ID and match value. 
0055 Certain example implementations may include 
merging database records having hyperspace attribute dif 
ferences within a predefined criteria to eliminate similar 
exemplars that are likely to represent a same entity, the 
merging resulting in a reduced set of database records. An 
example embodiment may include recalculating the field 
value weights for the reduced set of database records and 
re-clustering the reduced set of records based at least in part 
on the recalculated field value weights. 
0056. In certain example implementations of the dis 
closed technology, determining membership of each data 
base record in the plurality of hyperspace clusters may 
further include creating a plurality of nodes at random 
locations in hyperspace, each node maintaining records in 
hyperspace based on the hyperspace attribute for which it is 
the closest node. 
0057. In accordance with an example implementation, 
associating mutually matching database records may further 
include determining highest compelling linkages among the 
database records. In certain example embodiments, the 
determining may include identifying mutually preferred 
pairs of records from the database records, each mutually 
preferred pair of records consisting of a first record and a 
second record, the first record consisting of a preferred 
record associated with the second record and the second 
record consisting of a preferred record associated with the 
first record, wherein the mutually preferred pairs of records 
each has a match score that meets pre-specified match 
criteria. In certain example embodiments, the determining 
may include assigning, for each record from the database 
records, at least one associated preferred record, wherein a 
match value assigned to a given record together with its 
associated preferred record is at least as great as a match 
value assigned to the record together with any other record 
in the database records. In certain example embodiments, 
the determining may include forming and storing a plurality 
of entity representations in the database, each entity repre 
sentation of the plurality of entity representations compris 
ing at least one linked pair of mutually preferred records. 
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0058 According to an example implementation, each 
database record may corresponds to an entity representation, 
each database record comprising a plurality of fields, each 
field configured to contain a field value, and each field value 
assigned a field value weight corresponding to a specificity 
of the field value in relation to all field values in a corre 
sponding field of the records. 
0059. In an example implementation, performing the at 
least one matching iteration may include linking related 
database records based at least in part on a determined match 
value or determined mutually preferred records. 

1B. Internal Co-Convergence Using Clustering 
(with Hierarchy in the Data Structure) 

0060 FIG. 2A depicts a hypothetical tree-type organiza 
tion chart 200 that may be utilized to illustrate a process of 
internal co-convergence when there is a hierarchy in the data 
structure, according to an example embodiment of the 
disclosed technology. The various related entities of the 
hypothetical organization are also tabulated in Table 1 with 
the associated reference numerals indicated in the left hand 
column. 

TABLE 1. 

(See FIG. 2A) 

Ref # ID Direct Report City Produc 

2O2 Corp. Office New York ABC, CDE, XYZ 
204 Company 1 Corp. Office Atlanta ABC Software 
220 Company 2 Corp. Office New York CDE Electronics 
250 Company 3 Corp. Office Chicago XYZ Paper 
208 Branch 1A Company 1 Salt Lake ABC Software 
2O6 Branch 1B Company 1 Dallas ABC Software 
232 Branch 2A Company 2 San Diego CDE Electronics 
222 Branch 2B Company 2 New York CDE Electronics 
252 Branch 3A Company 3 New York XYZ Paper 
210 Manager 1A Branch 1A Denver ABC Software 
234 Manager 2A Branch 2A Dallas CDE Electronics 
224 Manager 2B Branch 2B New York CDE Electronics 
254 Manager 3A Branch 3A Atlanta XYZ. Paper 
212 Assistant 1A1 Manager 1A Dallas ABC Software 
238 Assistant 2A1 Manager 2A Dallas CDE Electronics 
236 Assistant 2A2 Manager 2A New York CDE Electronics 
226 Assistant 2B1 Manager 2B Salt Lake CDE Electronics 
228 Assistant 2B2 Manager 2B Denver CDE Electronics 
256 Employee 3A1 Manager 3A New York XYZ Paper 
214 Intern 1A1 Assistant 1A1 Salt Lake ABC Software 
240 Intern 2A2 Assistant 2A1 Salt Lake CDE Electronics 
230 Intern 2B2 Assistant 2B2 New York CDE Electronics 

0061. As indicated in FIG. 2A, the hypothetical organi 
zation includes a corporate office 202 having three branches: 
“Company 1' 204, “Company 2, 220, and “Company 3” 
250, with respective hypothetical product lines of ABC 
software, CDE electronics, and XYZ paper. Each company 
in the hypothetical organization also includes branch offices, 
as indicated in the chart 200 of FIG. 2A and in Table 1. The 
organization chart 200 also includes people, such as man 
agers, assistants, interns, and employees, with respective 
levels and position in the organization hierarchy structure. 
The information shown in Table 1 could be utilized to 
reproduce a chart (similar to that of chart 200) based on the 
“direct report relationships in the hierarchy. 
0062. The information shown in FIG. 2A (and tabulated 
in Table 1) may represent a complete and accurate picture of 
the hypothetical organization. However, in certain cases, 
limited or incomplete data may be available, without the 
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benefit of knowing the hierarchical structure or interrelation 
among the entities. Embodiments of the disclosed technol 
ogy may be utilized to piece-together, approximate, or at 
least partially determine the organizational structure based 
on incomplete data. Embodiments of the disclosed technol 
ogy may be utilized to refine approximated hierarchical 
relationships, as new information becomes available. 
0063 FIG. 2B depicts illustrative entities in an organi 
zation, where the hierarchy structure is not yet available and 
the data may be incomplete (or only partially utilized). The 
entities shown in FIG. 2B are also tabulated in Table 2, with 
the reference numerals indicated in the left hand column. 
This information represents a typical situation where it may 
be desired to determine one or more relationships in the 
organizational structure based on limited information. In 
certain embodiments, the available information (for 
example, as depicted in FIG. 2B) may be insufficient to gain 
any further insights into the structure of the organization due 
to the lack of parent-child-sibling linking information in the 
data. In the case of FIG. 2B (and Table 2), the inability to 
connect entities is further exacerbated by the different city 
location of the companies, branches, managers, etc., and 
additional information may be needed to derive connections 
among the entities. 
0064. As an illustrative example, and based on the avail 
able information tabulated in Table 2, a logical assumption 
may be to link the Manager 3A 253 with Company 1 204 
based on the common city designation. However, according 
to the actual hierarchy relationships shown in FIG. 2A, 
Manager 3A 253 is actually linked with Company 3 250 via 
Branch 3A 252. As will be illustrated below, initial linkages 
that are based on limited information may be revised as 
additional information becomes available and is utilized in 
the process of determining the hierarchy structure and 
relationships among the entities in the hierarchy. 

TABLE 2 

(See FIG. 2B) 

Ref # ID City 

204 Company 1 Atlanta 
250 Company 3 Chicago 
2O6 Branch 1B Dallas 
232 Branch 2A San Diego 
222 Branch 2B New York 
210 Manager 1A Denver 
254 Manager 3A Atlanta 
238 Assistant 2A1 Dallas 
236 Assistant 2A2 New York 
226 Assistant 2B1 Salt Lake 
256 Employee 3A1 New York 
214 Intern 1A1 Salt Lake 
240 Intern 2A2 Salt Lake 
230 Intern 2B2 New York 

0065 FIG. 2C depicts illustrative entities in the hypo 
thetical organization (as included in FIG. 2A), where the 
information is still incomplete, but the available “direct 
report information is utilized to fill-in some of the hierar 
chical structure. The entities shown in FIG. 2C are tabulated 
in Table 3, with the reference numerals indicated in the left 
hand column. It should be emphasized that this example is 
for illustration purposes and to further provide a foundation 
for further explanation of certain implementations of the 
disclosed technology. 
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0.066 Based on the available and/or utilized information 
about the hypothetical organization, and as depicted in FIG. 
2C and Table 3, certain connections among the entities may 
be directly determined or assumed, and a slightly more 
detailed view of the organization may be revealed. For 
example, the data in Table 3 indicates that “Manager 3A 
254, in Atlanta, is shown as a direct report to "Branch 3A.” 
and thus a parent-child connection 280 may be drawn 
connecting “Manager 3A' 254, and a (yet unknown) parent 
entity 252. In this case, the actual entity representation 
identification (ID) for “Branch 3A is missing from the data, 
but since it is included as a direct report for “Manager 3A 
254, it may be assumed that this parent entity 254 may be 
“*Branch 3A' 252 (and the “*” symbol may designate an 
assumed or derived value based on the given direct report 
information. A similar process may be utilized to fill-in the 
known or assumed hierarchical connections 282, 284, 286 
and additional (yet unknown) entities 234, 252 according to 
an example implementation of the disclosed technology. 

TABLE 3 

(See FIG. 2C) 

Ref# ID Direct Report City Product 

204 Company 1 Atlanta 
250 Company 3 Chicago 
223 Company X'? 
233 Company Y? 
2O6 Branch 1B Dallas 
232 Branch 2A Company Y? San Diego CDE Electronics 
222 Branch 2B Company X'? New York CDE Electronics 
210 Manager 1A Denver 
252 
254 Manager 3A Branch 3A Atlanta 
238 Assistant 2A1 Dallas 
236 Assistant 2A2 Manager 2A New York 
226 Assistant 2B1 Salt Lake 
256 Employee 3A1 Manager 3A New York 
234 
214 Intern 1A1 Salt Lake 
240 Intern 2A2 Assistant 2A1 Salt Lake 
230 Intern 2B2 New York 

0067 FIG. 2D depicts illustrative entities in the hypo 
thetical organization (as included in FIG. 2A), where the 
information is still incomplete, but additional information 
may become available and/or may be utilized to fill-in 
additional hierarchical structure. The entities shown in FIG. 
2D are also tabulated in Table 4, with the reference numerals 
indicated in the left hand column. 

0068 Based on the newly available (and/or newly uti 
lized) information about the hypothetical organization, and 
as depicted in FIG. 2D and Table 4. certain additional 
connections among the entities may be directly determined 
or assumed, and a more detailed view of the organization 
may be revealed. In this example, the data shown in Table 
4 shows the information from Table 3, but now includes a 
new entry of “Branch 1A 208, in Salt Lake that reports 
directly to “Company 1' 204. Furthermore, the new data 
includes “Assistant 1A1 212 in Dallas, who reports to 
“Manager 1A 210 in Denver, who reports to “Branch 1A' 
208 in Salt Lake. Based on this additional information, a 
more complete hierarchy structure below “Company 1' 204 
may now be realized. 
0069. In this example, the new data also provides parent 
child linking information that indicates that “Branch 2B 
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222 in New York reports to some “Company X'? 223, and 
that “Branch 2A' 232 in San Diego report to some “Com 
pany Y?' 233. The illustrative information shown in Table 
3 also indicates that the entities “Branch 2B 222 “Branch 
2A' 232 are involved with a common product “CDE Elec 
tronics.” Based on this (and possibly other) compelling 
information, and according to an example implementation of 
the disclosed technology, it may be inferred that the parent 
entities “Company X'?” 223 and “Company Y?' 233 are in 
fact, the same entity. This example of associating related 
hierarchical database records by applying a hierarchal direc 
tional linking process is illustrated in FIG. 2D and Table 4. 
with a placeholder for this new entity “Company 22 220 
that is a reduction of the separate entities “Company X'?” 
223 and “Company Y?' 233 and referred in relation to the 
linking relationships 288 from “Branch 2B' 222 in New 
York and “Branch 2A' 232 in San Diego. 

TABLE 4 

(See FIG. 2D) 

Ref# ID Direct Report City 

2O2 Headquarters? 
204 Company 1 Atlanta 
220 Company 22 
250 Company 3 Chicago 
208 Branch 1A Company 1 Salt Lake 
2O6 Branch 1B Company 1 Dallas 
232 Branch 2A Company 2 San Diego 
222 Branch 2B Company 2 New York 
252 Branch 3A Company 3 New York 
210 Manager 1A Branch 1A Denver 
234 Manager 2A2 
224 Manager 2B? 
254 Manager 3A Branch 3A Atlanta 
212 Assistant 1A1 Manager 1A Dallas 
238 Assistant 2A1 Manager 2A Dallas 
236 Assistant 2A2 Manager 2A New York 
226 Assistant 2B1 Manager 2B Salt Lake 
228 Assistant 2B2 Manager 2B Denver 
256 Employee 3A1 Manager 3A New York 
214 Intern 1A1 Assistant 1A1 Salt Lake 
240 Intern 2A2 Assistant 2A1 Salt Lake 
230 Intern 2B2 Assistant 2B2 New York 

0070. As indicated in FIG. 2D and in Table 4, new data 
(or newly utilized data) may provide information regarding 
previous unknown entities such as “Branch3A 252 in New 
York that reports to “Company 3' 250. With this example, 
one may be able to better appreciate how such data may be 
utilized to help fill-in, connect, and make sense out of a 
hierarchy structure. For example, a single piece of data may 
allow an entire branch of a hierarchy to be completed, such 
as in the case with the previously unknown entity 252. The 
new data may allow populating and connecting not only 
“Branch 3A 252 as a child relationship with “Company 3' 
250, but it may further provide defining information for all 
of the child relationships under “Branch 3A 252. In other 
words, knowing that “Branch 3A' 252 in New York that 
reports to “Company 3' 250 also would indicate that “Man 
ager 3A' 254 and “Employee 3A1' 256 are also associated 
with “Company 3' 250 by virtue of the existing parent-child 
relationships. 
(0071 FIG. 2D and Table 4 also include incomplete 
information (indicated by dashed lines and boxes in FIG. 
2D) for the additional entities: “Manager 2B?” 224, “Man 
ager 2A2. 234, “Company 22 220, and “Headquarters?” 
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For example, at this point we may only know that “Manager 
2B?' 224 exists by virtue of the parent information provided 
with “Assistant 2B 1' 226. Since there is not direct report 
information available (yet) for “Manager 2B?' 224, “Man 
ager 2A2. 234, or “Company 22 220, we may make a 
calculated guess (based on other available information) as to 
the connections 290,292, 294 with a parent entity. However, 
Such connections may be designated as “pending verifica 
tion,” (as indicated by the dashed lies). 
0072. In this illustrative example, the available informa 
tion may provide compelling evidence that a "Headquar 
ters? 202 (or an ultimate parent entity) exists in the orga 
nizational hierarchy structure. Thus, a placeholder may be 
created for this entity. According to an example implemen 
tation of the disclosed technology, as additional information 
becomes available (and is utilized) about the various entities 
of the hierarchal structure, more accurate details about the 
structure may be known and recorded. Thus, we may refer 
back to FIG. 2A and Table 1 as a complete, updated structure 
of the illustrative organization in which the various branches 
of the organization are associated with different example 
product lines. 
0073 FIG. 2E depicts an organization structure (similar 

to the structure shown in FIG. 2A) but having non-hierar 
chical connections 295, 296,297, 298, 299 for purposes of 
comparison. For example, the connection 295 linking 
“Branch 1B 206 with “Assistant 1A1' 212 bypasses the 
typical hierarchical chain that may exist between “Branch 
1B 206 and “Manager 1A 210. Furthermore, “Manager 
1A 210 is shown having a parent connection 296 with both 
“Branch 1B 206 and “Branch 1A 208, and thus, this is not 
a strict hierarchy. While certain non-hierarchical connec 
tions (for example, connections 295, 296, 297, 298, 299) 
may exist in a structure, certain embodiments of the dis 
closed technology may be utilized to identify and/or flag 
Such connections. In certain example embodiments, non 
hierarchical connections may be ignored. In other example 
embodiments, non-hierarchical connections may be utilized 
to help determine the structure of the organization, particu 
larly in the early stages of process if other strict-hierarchical 
information is not complete. 
0074 FIG.3 depicts an alternative illustrative example of 
a fairly complex hierarchical map where the entity data 300 
is not necessarily arranged in a visually comprehendible 
form. In this example illustration, the entity data 300 asso 
ciated an organization identification 302 (shown in FIG.3 as 
ORGID) may include fields for data such as the business unit 
legal identity 304 (shown in FIG.3 as LGID), fields for the 
place of work identifier 306 (shown in FIG.3 as POWID), 
fields for the person identification 308 (shown in FIG.3 as 
a CID or ContactID), etc. 
0075 For purposes of illustration, we may assume that 
the business unit legal identity 304, the place of work 
identifier 306, and the person identification 308 are all on the 
same hierarchical level, with the organization identification 
302 in a higher level. According to an example embodiment, 
the person identification 308 may be defined as all of the 
references to a single person (for example, an employee) at 
a given organization 302. However, this definition may be 
viewed two completely different ways when the linking 
process is considered. For example: (a) only two references 
can be linked into a single person identification 308 if they 
are already part of an organization 302 (this is the down 
wards direction in terms of the hierarchy); or (b) two 
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references link together a single person identification 308 
but Such linking connections currently stem from organiza 
tions that have different organization identifications 302, and 
thus, such information may be compelling enough to link the 
organization identifications 302 (this is the upwards direc 
tion in terms of the hierarchy). Therefore, according to 
certain example implementations, there could be two dif 
ferent linkage processes for each of entities on the same 
level: up and a down. The implication is that three different 
processes could be combining organization identifications 
302 while three different processes might be relying upon 
the values in them. At the same time, the organization 
identifications 302 may have its own entity linking process 
that does not require input from the other three processes. 
0076 According to certain example implementations of 
the disclosed technology, an order of processing these links 
may be defined Such that, for any given record, the links to 
parent (and grand parent, etc.) levels are evaluated first (the 
up process), then for any given record, the links to children 
(and grand children, etc.) may be determined, the entities 
may be linked or combined if compelling enough (as 
described above) and the cycle may start over to continue 
refining the linking connections. In addition, and according 
to certain example implementations, the most mutually 
compelling link for any given ID-ID pair may be taken in a 
single iteration. Thus, in according to an example imple 
mentation, all processes may establish their most compelling 
links prior to any of them having to make harder decisions. 
0077. In accordance with certain example implementa 
tions of the disclosed technology, the process of associating 
records or entities in a hierarchical structure may include 
clustering hierarchical database records into a first set of 
clusters having corresponding first cluster identifications 
(IDS), each hierarchical database record may include one or 
more field values, and the clustering may be based at least 
in part on determining similarity among corresponding field 
values of the hierarchical database records. 
0078. According to an example implementation of the 
disclosed technology, the hierarchical database may include 
certain duplicate records which may (or may not) refer to the 
same entity. For example, the initial database may include a 
number of disjointed entities (such as depicted in FIG. 2C) 
having connections to certain parent entities. In one example 
implementation, the process may include determining par 
ent-child hierarchical relationships among the hierarchical 
database records and associating related hierarchical data 
base records by applying a hierarchal directional linking 
process. The hierarchal directional linking process may 
include selecting and applying at least an upward process 
based on the determined parent-child hierarchical relation 
ship. The upward process may include determining, from the 
parent-child hierarchical relationships, similarity among a 
plurality of child records having separate parent records. 
0079 According to an example implementation, and in 
response to determining a threshold similarity among that 
the plurality of child records, the process may include 
inferring that the separate parent records correspond to the 
same entity. Thus, according to an example implementation, 
similarities among certain child records may be compelling 
enough to infer that they have the same parent record. 
0080. In the examples presented above, in reference to 
FIG. 2C and FIG. 2D, a similarity among the child records 
(such as the product information shown in the right-hand 
column of Table 1 and Table 3) having separate parent 
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records may be compelling enough to infer that the separate 
parent records (“Company X'?” 222 and “Company Y? 233” 
correspond to the same entity (“Company 22 220). 
0081. According to an example implementation, the pro 
cess may include re-clustering at least a portion of the 
database records into a second set of clusters having corre 
sponding second cluster IDs. The re-clustering may be based 
at least in part on the associating related hierarchical data 
base records and on the determining similarity among cor 
responding field values of the database records. In certain 
example implementations, the re-clustering may be based at 
least in part on the associating related hierarchical database 
records and on the determining similarity among one or 
more attribute identifiers associated with the database 
records. In certain example implementations of the disclosed 
technology, the resulting database record information may 
be provided as output based at least in part on the re 
clustering. 
0082. As indicated above, and according to certain 
example implementations of the disclosed technology, each 
hierarchical database record may corresponds to an entity 
representation, and each hierarchical database record may 
include a plurality of fields, each field may be configured to 
contain a field value, and each field value may be assigned 
a field value weight corresponding to a specificity of the field 
value in relation to all field values in a corresponding field 
of the records. 
0083. In certain example implementations of the dis 
closed technology, the hierarchal directional linking process 
may further include selecting and applying a downward 
process (for example, in a direction from a parent to children 
records) that may include linking two or more records on a 
given hierarchy level based at least in part on the two records 
sharing a common parent record. 
0084 As discussed previously, the process of determin 
ing the similarity among the corresponding field values of 
the database records may include assigning a hyperspace 
attribute to each database record, wherein the hyperspace 
attribute corresponding to two database records is correlated 
with a similarity of the corresponding field values of the two 
database records. The process may include determining 
membership of each database record in a plurality of hyper 
space clusters based at least in part on the hyperspace 
attributes, assigning, to each record, a cluster ID and a match 
value reflecting a likelihood that the record is a member of 
a particular hyperspace cluster, and linking related records 
based at least in part on the cluster ID and the match value. 
In an example implementation, determining membership of 
each database record in the plurality of hyperspace clusters 
may include creating a plurality of nodes at random loca 
tions in hyperspace, each node maintaining records in hyper 
space based on the hyperspace attribute for which it is the 
closest node. 
0085. According to an example embodiment, the process 
may include merging database records having hyperspace 
attribute differences within a predefined criteria to eliminate 
similar exemplars that are likely to represent a same entity, 
resulting in a reduced set of database records. In certain 
example embodiments, the field value weights may be 
re-calculated for the reduced set of database records and the 
reduced set of records may be re-clustered based at least in 
part on the recalculated field value weights. 
I0086. In accordance with an example implementation, 
associating related hierarchical database records may further 
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include the process of determining highest compelling link 
ages among the hierarchical database records. For example, 
this process of determining highest compelling linkages may 
involve identifying mutually preferred pairs of records from 
the hierarchical database records, where each mutually pre 
ferred pair of records consists of a first record and a second 
record, and the first record consists of a preferred record 
associated with the second record and the second record 
consists of a preferred record associated with the first record, 
and the mutually preferred pairs of records each has a match 
score that meets pre-specified match criteria. The process of 
determining highest compelling linkages may further 
involve assigning, for each record from the hierarchical 
database records, at least one associated preferred record, 
where a match value assigned to a given record together with 
its associated preferred record is at least as great as a match 
value assigned to the record together with any other record 
in the database records. The process may further include 
forming and storing a plurality of entity representations in 
the database, where each entity representation of the plural 
ity of entity representations includes at least one linked pair 
of mutually preferred records. 
I0087. An example method 700 for external linking of 
records based on hierarchal level weightings will now be 
described with reference to the flowchart of FIG. 7. The 
method 700 starts in block 702, and according to an example 
implementation includes clustering hierarchical database 
records into a first set of clusters having corresponding first 
cluster identifications (IDs), each hierarchical database 
record comprising one or more field values, the clustering 
based at least in part on determining similarity among 
corresponding field values of the hierarchical database 
records. In block 704, the method 700 includes determining 
parent-child hierarchical relationships among the hierarchi 
cal database records. In block 706, the method 700 includes 
associating related hierarchical database records by applying 
a hierarchal directional linking process, the hierarchal direc 
tional linking process including selecting and applying at 
least an upward process based on the determined parent 
child hierarchical relationship, the upward process may 
include determining, from the parent-child hierarchical rela 
tionships, similarity among a plurality of child records 
having separate parent records, and in response to determin 
ing a threshold similarity among the plurality of child 
records, inferring that the separate parent records correspond 
to the same entity. In block 708, the method 700 includes 
re-clustering at least a portion of the database records into a 
second set of clusters having corresponding second cluster 
IDs, the re-clustering based at least in part on the associating 
related hierarchical database records and on the determining 
similarity among corresponding field values of the database 
records. In block 710, the method 700 includes outputting 
database record information, based at least in part on the 
re-clustering. 
I0088. In certain example implementations of the dis 
closed technology, the hierarchal directional linking process 
may further include selecting and applying a downward 
process including linking two or more records on a given 
hierarchy level based at least in part on the two records 
sharing a common parent record. In certain example imple 
mentations of the disclosed technology, determining the 
similarity among the corresponding field values of the 
database records may include assigning a hyperspace attri 
bute to each database record, wherein the hyperspace attri 
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bute corresponding to two database records is correlated 
with a similarity of the corresponding field values of the two 
database records. In certain example implementations of the 
disclosed technology, determining the similarity among the 
corresponding field values of the database records may 
include determining membership of each database record in 
a plurality of hyperspace clusters based at least in part on the 
hyperspace attributes. In certain example implementations 
of the disclosed technology, determining the similarity 
among the corresponding field values of the database 
records may include assigning, to each record, a cluster ID 
and a match value reflecting a likelihood that the record is 
a member of a particular hyperspace cluster and linking 
related records based at least in part on the cluster ID and the 
match value. 

0089. In certain example implementations of the dis 
closed technology, the hierarchal directional linking process 
may further include merging database records having hyper 
space attribute differences within a predefined criteria to 
eliminate similar exemplars that are likely to represent a 
same entity, the merging resulting in a reduced set of 
database records. An example embodiment may include 
recalculating the field value weights for the reduced set of 
database records and re-clustering the reduced set of records 
based at least in part on the recalculated field value weights. 
0090 According to an example implementation, mem 
bership of each database record in the plurality of hyper 
space clusters may further include creating a plurality of 
nodes at random locations in hyperspace, each node main 
taining records in hyperspace based on the hyperspace 
attribute for which it is the closest node. 

0091. According to an example implementation, associ 
ating related hierarchical database records further include 
determining highest compelling linkages among the hierar 
chical database records. The determining may include iden 
tifying mutually preferred pairs of records from the hierar 
chical database records, each mutually preferred pair of 
records consisting of a first record and a second record, the 
first record consisting of a preferred record associated with 
the second record and the second record consisting of a 
preferred record associated with the first record, wherein the 
mutually preferred pairs of records each has a match score 
that meets pre-specified match criteria. The determining 
may include assigning, for each record from the hierarchical 
database records, at least one associated preferred record, 
wherein a match value assigned to a given record together 
with its associated preferred record is at least as great as a 
match value assigned to the record together with any other 
record in the database records. The determining may further 
include forming and storing a plurality of entity represen 
tations in the database, each entity representation of the 
plurality of entity representations comprising at least one 
linked pair of mutually preferred records. 
0092. According to certain example implementations, a 
hierarchical database record may correspond to an entity 
representation, each hierarchical database record may 
include a plurality of fields, each field may be configured to 
contain a field value, and each field value may be assigned 
a field value weight corresponding to a specificity of the field 
value in relation to all field values in a corresponding field 
of the records. 
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(1B2) Internal Co-Convergence Using Clustering 
when there is Hierarchy in the Data Structure and 

the Hierarchy Relationship is Known 
0093. In accordance with certain example implementa 
tions of the disclosed technology, a hierarchical relation 
ships defining interrelations among records in a data struc 
ture may already be known (or previously determined), but 
additional information may be desired. In Scenario, and 
according to certain example embodiments, additional infor 
mation may be obtained via a co-convergence and clustering 
process, as previously described. For example, the process 
may include clustering hierarchical database records into a 
first set of clusters having corresponding first cluster iden 
tifications (IDS), each hierarchical database record including 
one or more field values, and the clustering may be based at 
least in part on determining one or more similarities among 
corresponding field values of the hierarchical database 
records. In this example embodiment, clustering of the 
hierarchical database records may be performed based on 
known (or received) parent-child hierarchical relationship 
information for the hierarchical database records. In this 
example embodiment, the process may include re-clustering 
at least a portion of the hierarchical database records into a 
second set of clusters having corresponding second cluster 
IDs based at least in part on the received parent-child 
hierarchical relationship information. 
0094. As discussed in the previous section (for example, 
with respect to FIG. 1), and according to an example 
implementation, determining the similarity among the cor 
responding field values of the hierarchical database records 
may include one or more of the following steps: (1) assign 
ing a hyperspace attribute to each hierarchical database 
record, where the hyperspace attribute corresponding to two 
hierarchical database records is correlated with a similarity 
of the corresponding field values of the two hierarchical 
database records; (2) determining membership of each hier 
archical database record in a plurality of hyperspace clusters 
based at least in part on the hyperspace attributes; (3) 
assigning, to each record, a cluster ID and a match value 
reflecting a likelihood that the record is a member of a 
particular hyperspace cluster; (4) linking related records 
based at least in part on the cluster ID and the match value: 
(5) merging hierarchical database records having hyperspace 
attribute differences within a predefined criteria to eliminate 
similar exemplars that are likely to represent a same entity, 
the merging resulting in a reduced set of hierarchical data 
base records; (6) recalculating the field value weights for the 
reduced set of hierarchical database records; and (7) re 
clustering the reduced set of records based at least in part on 
the recalculated field value weights. 
0095. In accordance with certain example implementa 
tions of the disclosed technology, the process may further 
include determining compelling linkages among the hierar 
chical database records by identifying mutually preferred 
pairs of records from the hierarchical database records, each 
mutually preferred pair of records consisting of a first record 
and a second record, the first record consisting of a preferred 
record associated with the second record and the second 
record consisting of a preferred record associated with the 
first record, wherein the mutually preferred pairs of records 
each has a match score that meets pre-specified match 
criteria. According to an example implementation, the pro 
cess of determining the compelling linkages may further 
include assigning, for each record from the database records, 
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at least one associated preferred record, wherein a match 
value assigned to a given record together with its associated 
preferred record is at least as great as a match value assigned 
to the record together with any other record in the hierar 
chical database records. According to an example imple 
mentation, the process of determining compelling linkages 
may further include forming and storing a plurality of entity 
representations in the database, each entity representation of 
the plurality of entity representations including at least one 
linked pair of mutually preferred records. 
0096. According to certain example embodiments of the 
disclosed technology, identifying mutually preferred pairs of 
records may involve mutually preferred pair of records 
consisting of a third record and a fourth record, and linking 
the third record to the fourth record. In an example imple 
mentation, the process may include allowing a user to 
retrieve information from at least one of the third record and 
the fourth record. 

0097. Various embodiments described herein may further 
include embodiment include an optional process whereby 
each preferred record associated with a given record 
includes a record that, when paired with the given record, 
has a maximal assigned match score in comparison to match 
scores assigned to other record pairs comprising the given 
record. In certain example embodiments, at least one mutu 
ally preferred pair of records may further include a fifth 
record and a sixth record, and the process may include 
altering at least one field value from the fifth record based on 
at least one field value from the sixth record. According to 
an example implementation, the match score may reflect a 
number of data field entries common to the pair of records. 
0098. Another optional feature of the disclosed technol 
ogy may include, prior to the step of linking, assigning to 
each pair of records from a third plurality of records a match 
score, the match score reflecting a probability that the pair 
of records is related, where the second plurality of records 
includes the third plurality of records, determining, for each 
record from a fourth plurality of records, at least one 
associated preferred record, where the third plurality of 
records includes the fourth plurality of records, where a 
match score assigned to a given record together with its 
associated preferred record is at least as great as a match 
score assigned to the record together with any other record 
in the third plurality of records, and identifying mutually 
preferred pairs of records from the fourth plurality of 
records, each mutually preferred pairs of records consisting 
of a fifth record and a sixth record, the fifth record consisting 
of a preferred record associated with the sixth record and the 
sixth record consisting of a preferred record associated with 
the fifth record. 

0099. Another example implementation of the disclosed 
technology may include assigning a match score to a pair of 
records as determined by comparing data field entries of the 
pair of records. For example, this example implementation 
may include comparing only a portion of data fields com 
mon to the pair of records. For example, the process may 
assign a match score to a pair of records as calculated based 
at least on entries in at least one data field common to each 
record of the pair. Example implementation may involve a 
database that includes a fifth record and a sixth record, 
where the fifth record is an associated preferred record of the 
sixth record and where the sixth record is not an associated 
preferred record of the fifth record. 
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0100. An example method 800 is now presented with 
reference to the flowchart of FIG. 8 for performing internal 
co-convergence using clustering when there is a hierarchy in 
the data structure and the hierarchy relationship is known. 
The method 800 starts in block 802, and according to an 
example implementation includes clustering hierarchical 
database records into a first set of clusters having corre 
sponding first cluster identifications (IDS), each hierarchical 
database record comprising one or more field values, the 
clustering based at least in part on determining similarity 
among corresponding field values of the hierarchical data 
base records. In block 804, the method 800 includes receiv 
ing parent-child hierarchical relationship information for the 
hierarchical database records. In block 806, the method 800 
includes re-clustering at least a portion of the hierarchical 
database records into a second set of clusters having corre 
sponding second cluster IDs, the re-clustering based at least 
in part on the received parent-child hierarchical relationship 
information. In block 808, the method 800 includes output 
ting hierarchical database record information, based at least 
in part on the re-clustering. 
0101. In accordance with an example implementation, 
determining the similarity among the corresponding field 
values of the hierarchical database records may include 
assigning a hyperspace attribute to each hierarchical data 
base record, wherein the hyperspace attribute corresponding 
to two hierarchical database records is correlated with a 
similarity of the corresponding field values of the two 
hierarchical database records. In an example implementa 
tion, determining the similarity among the corresponding 
field values of the hierarchical database records may further 
include determining membership of each hierarchical data 
base record in a plurality of hyperspace clusters based at 
least in part on the hyperspace attributes. In an example 
implementation, determining the similarity among the cor 
responding field values of the hierarchical database records 
may further include assigning, to each record, a cluster ID 
and a match value reflecting a likelihood that the record is 
a member of a particular hyperspace cluster. Example 
embodiments may further include linking related records 
based at least in part on the cluster ID and the match value. 
0102) Example embodiments may further include merg 
ing hierarchical database records having hyperspace attri 
bute differences within a predefined criteria to eliminate 
similar exemplars that are likely to represent a same entity, 
the merging resulting in a reduced set of hierarchical data 
base records. Example implementations may include are 
calculating the field value weights for the reduced set of 
hierarchical database records and re-clustering the reduced 
set of records based at least in part on the recalculated field 
value weights. 
0103) Certain example implementations may include 
determining highest compelling linkages among the hierar 
chical database records. The determining may include iden 
tifying mutually preferred pairs of records from the hierar 
chical database records, each mutually preferred pair of 
records consisting of a first record and a second record, the 
first record consisting of a preferred record associated with 
the second record and the second record consisting of a 
preferred record associated with the first record, wherein the 
mutually preferred pairs of records each has a match score 
that meets pre-specified match criteria. In certain example 
implementations, the determining may include assigning, 
for each record from the database records, at least one 
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associated preferred record, wherein a match value assigned 
to a given record together with its associated preferred 
record is at least as great as a match value assigned to the 
record together with any other record in the hierarchical 
database records. In certain example implementations, the 
determining may include forming and storing a plurality of 
entity representations in the database, each entity represen 
tation of the plurality of entity representations comprising at 
least one linked pair of mutually preferred records. 
0104. According to an example implementation, a given 
hierarchical database record may correspond to an entity 
representation or an entity. In an example implementation, 
each database record may include a plurality of fields, each 
field configured to contain a field value, and each field value 
assigned a field value weight corresponding to a specificity 
of the field value in relation to all field values in a corre 
sponding field of the records. 

(2) External Linking Based on Hierarchal Level 
Weightings 

0105 External linking, which is sometimes referred to as 
“entity resolution,” may be contrasted with internal linking. 
External linking may involve a process of linking informa 
tion from an external file to a previously linked base file (or 
authority file) in order to assign entity identifiers to the 
external data. In typical embodiments of the disclosed 
technology, internal and external linking are completely 
different processes, executed at different times for different 
reasons. However, an external linking process may act upon 
a file created by the internal linking process—but this is not 
a requirement. For example, and according to certain 
example implementations, an internal linking process may 
be utilized as initial process to characterize or group data 
when data relationships are not known beforehand. In an 
example implementation, an external linking process may be 
utilized after at least some data relationships are established 
by the internal linking process. 
0106 FIG. 4A depicts an example implementation of an 
external linking process 400, according to an example 
embodiment of the disclosed technology. For example, a 
base file 402 may be utilized in the external linking process 
and may include a file, table, or database with records 
representing one or more entities (as indicated by the rows 
of the base file 402). Each entity may be assigned a unique 
identifier, and the corresponding fields may be populated 
with associated field values (while certain fields may be left 
blank if the particular field value is not available or does not 
apply). The base file 402 may include fields such as name, 
address, phone, social security number, etc., along with the 
unique identifiers that may signify to which entity each 
record belongs. 
0107 According to an example implementation of the 
disclosed technology, the base file 402 may be divided (or 
“shredded) into multiple tables 404. For example, in a 
simple implementation, the base file 402 may be utilized to 
populate one table for each of the fields (for example, one 
table for names, one table for addresses, one table for phone 
numbers, etc.). In an example implementation of the dis 
closed technology, each table 404 may be scrubbed to 
eliminate duplicate records (deduped). In an example imple 
mentation, each table entry may be sorted so that, for each 
name, there is a sorted list of entities with that name (and for 
each address there is a sorted list of entities at that address 
etc.) while keeping track of the unique identifiers associated 
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with each record or entity. According to an example imple 
mentation, the tables may then be indexed to allow quick 
retrieval of any given record. For example, the index may 
allow rapid retrieval of an entity list for a given address. 
0108. In an example implementation, the external linking 
process 400 may further include receiving an input query file 
406 having one or more query terms (or query values) that 
may be utilized to search for and retrieve matching records 
from the base file 402 (or the multiple tables 404). Accord 
ing to an example implementation of the disclosed technol 
ogy, the input file may be divided (or “shredded') into 
multiple query tables 408. For example, in a simple imple 
mentation, the input query file 406 may be utilized to 
populate one table for each of the query fields (for example, 
one table for names, one table for addresses, one table for 
phone numbers, etc.). 
0109 The example processes described above may be 
considered as preliminary steps for preparing the base file 
402 and associated tables 404 for a query 406 using specific 
input criteria that may match with the field values in the 
tables 404. 
0110. An example external linking process may utilize a 
specific query file 406, such as Dave Smith, 123 Main Street, 
New York, N.Y., 917-555-1212, 052-21-1234. In an 
example implementation, this query input may be divided 
(or “shredded) into multiple fields 408 (similar to the way 
the base file 402 is treated) and the results may be utilized 
to fetch matches (or partial matches) from the previously 
mentioned tables 404 that correspond to the base file 402 
information. 
0111. In an illustrative example, suppose that the input 
query 406 is shredded into three tables 408 with data from 
the corresponding three fields: Name. Address, Social Secu 
rity Number (for example: Dave Smith, 123 Main Street, 
052-21-1234). In this example, the query may return two 
entries for the “Social Security” (two possible entities in the 
base file 402 having used the Social Security number of 
052-21-1234), 130 people having an “Address” of 123 Main 
Street, and 2450 people with the “Name” of Dave Smith 
(since this is a common name). 
0112 According to an example implementation, the 
resulting lists 414 may be sorted by the unique entity 
identifiers, merged by the identifiers, and each entity may be 
evaluated for a count of the number of tables in which they 
appear. According to an example implementation, the 
merged lists may then be sorted by the number of count of 
tables in which each entity appeared, and the entity with the 
most appearances may be declared the best match to the 
information provided in the input query 406. 
0113 FIG. 4B depicts an external linking process 401, in 
accordance with an example implementation of the dis 
closed technology, in which the entities may form a strict 
hierarchy, and we wish to be able to perform an external link 
for a given record in the hierarchy. According to an example 
implementation, this external linking process 401 may share 
certain similarities with the process 400 described above and 
depicted in FIG. 4A. For example, embodiments may utilize 
an external linking process may include rolling-up scores 
from the various linkpaths, similar to process described in 
paragraphs 0218-0258 in the U.S. Patent Publication 
2010/0094910 that is incorporated herein by reference. 
0114. In an example implementation, the external linking 
process 401 may return one or more matching entity records 
(or IDs) 420 422 424 from the hierarchical base file 416, 
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determine which hierarchy level(s) 418 are associated with 
the returned records, and attempt to resolve 428 the lowest 
child record 424 by performing certain tests. In one example 
implementation, a test for resolving a record may include 
scoring the returned records based on certain matching 
and/or uniqueness criteria and picking the best match based 
on the score. In another example implementation, a test for 
resolving a record may include determining if the associated 
score is greater than or equal to a predetermined value. In 
another example implementation, a test for resolving a 
record may be based on a difference in scores between the 
first and second best matched records. Example embodi 
ments may utilize various combinations of these tests to 
resolve a record. 
0115. In an example implementation, when “matching 
records are returned having different levels in the hierarchy 
418, and when the lowest child record 424 is not properly 
resolved, the process 401 may be utilized to re-roll 426 
intermediate results from the children records into their 
parent records. In an example implementation, if a parent 
record 422 resolves, then the associated record may be 
returned. In an example implementation, if the parent record 
does not resolve, then results may be “rolled-up' to the 
grandparent level 420, and so forth. According to certain 
example embodiments, the less data that is available in the 
base file 416, or the less specific the query, the more likely 
it is that the parent/grandparent etc. levels may be utilized to 
resolve a record. 

0116 Example embodiments may include associating 
external query data 406 having one or more query field 
values with a record in a linked hierarchical database. The 
linked hierarchical database may include a plurality of 
records, each record having a record identifier and repre 
senting an entity in a hierarchy, each record associated with 
a hierarchy level, each record including one or more fields, 
each field configured to contain a field value. The associat 
ing may include receiving the external query data, wherein 
the external query data includes one or more search values; 
and identifying, from the plurality of records in the linked 
hierarchical database, one or more matched fields having 
field values that at least partially match the one or more 
search values. 
0117 Example embodiment may further include scoring, 
with Zero or more match weights, each of the one or more 
matched fields; determining an aggregate weight for each 
matched field based at least in part on the scoring with the 
Zero or more match weights; sorting the one or more 
matched fields according to the determined aggregate 
weights; merging, based at least in part on determining the 
aggregate weights, the one or more matched fields to form 
a merged table having records with matched fields sorted by 
aggregate weights; scoring the merged table based at least in 
part on the aggregate weights; identifying, based at least in 
part on the scoring, a grouping comprising one or more of 
the plurality of entities within a same branch of the hierarchy 
and corresponding to different hierarchy levels; and output 
ting, based at least in part on the scoring and identifying, a 
record identifier corresponding to a matching entity in the 
hierarchy. 
0118. In certain embodiments, scoring, with the Zero or 
more match weights may include scoring each of the one or 
more matched fields with a uniqueness weight, the unique 
ness weight representing a specificity of the field value in 
relation to all field values in a corresponding field of the 
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plurality of records in the linked hierarchical database. 
Example embodiments may include at least partially form 
ing one or more search tables corresponding to the one or 
more search values and at least partially forming one or 
more base tables corresponding to the one or more fields of 
the plurality of records of the linked hierarchical database. 
In certain embodiments, the merging, based at least in part 
on determining the aggregate weights, can include combin 
ing at least a portion of the one or more search tables and the 
one or more base tables to form the merged table. 
0119) According to an example implementation of the 
disclosed technology, partially forming the one or more base 
tables may include at least partially forming tables having 
multiple fields and wherein the base tables include record 
identifiers for each entity in the hierarchy. Certain embodi 
ments may include sorting each entity in the hierarchy by an 
associated hierarchy level. In one example implementation, 
the sorting may include progressively sorting each entity in 
the hierarchy by each hierarchy level from a highest level to 
a lowest level in the hierarchy. In certain embodiments, the 
one or more search tables and/or the one or more base tables 
may include Zero or more common fields. The one or more 
base tables may include record identifiers for each entity in 
the hierarchy. 
I0120 Certain example embodiments may further include 
determining, from the merged table, and based at least in 
part from the aggregate weights, a first leading scorer of the 
matched fields and a second leading scorer of the matched 
fields, the first leading scorer associated with a record having 
a highest aggregate weight and the second leading scorer 
associated with a record having a second highest aggregate 
weight. Example embodiments may include determining a 
first condition that may include determining whether a first 
weight associated with the first leading scorer meets or 
exceeds a first predetermined value. Example embodiments 
may include determining a second condition that may 
include determining whether a difference between the first 
weight and a second weight associated with the second 
leading scorer meets or exceeds a second predetermined 
value. Example embodiments may include determining if a 
matching entity corresponds to the first leading scorer and 
may be based at least in part on the determining of the first 
condition and on the determining of the second condition. 
I0121 Certain example embodiments may include merg 
ing aggregate weights of one or more entities associated 
with intermediate hierarchy levels in the grouping in 
response to determining that the first condition or the second 
condition is not met. Certain example embodiments may 
include re-determining the first condition and the second 
condition, and outputting a record identifier corresponding 
to an entity associated with a lowest hierarchy level of the 
grouping in response to re-determining the first condition 
and the second condition. In certain example embodiments, 
a matching entity may further correspond to an entity 
associated with a lowest hierarchy level associated with the 
grouping. For example, information may be obtained and 
utilized through implementations of the disclosed technol 
ogy that may allow resolving a record having the lowest 
possible hierarchy position in grouping. In certain embodi 
ments, if the (child) record occupying the lowest hierarchy 
position in grouping is not resolved (via the tests or condi 
tions described above), then embodiments of the disclosed 
technology may attempt to resolve the next lowest parent 
record, and so forth. 
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0122. According to an example implementation of the 
disclosed technology, an aggregate weight for each field may 
be calculated based, at least in part, on field values scored 
from each of the plurality of records in the linked hierar 
chical database. As an example, Suppose that a query value 
of “H” returns a score of 2 based on matches with records 
in the “First Name” field from a first child record in a 
hierarchy. Now, Suppose that for a second child record, a 
query value of “Harold’ returns a score of 9 in the “First 
Name” field. The higher score may result because the 
“Harold' query includes much more specific information 
than “H”, but “H” and “Harold’ may represent the same 
entity (i.e., such field values do not necessarily conflict with 
each other). Thus, the aggregate score for the field may be 
9 because the information is not necessarily additive. Now 
suppose that a score of 10 is returned for the first child record 
in response to a query of “84720 in the “Zip Code” field, 
and a score of 10 is returned for a second child record in 
response to the query of “84724. In this situation, the 
aggregate score may be 20 because the record matches two 
different zip codes, and the information may be considered 
to be additive. 

0123 Certain example implementations of the disclosed 
technology may include selecting and applying a downward 
process (for example, in a direction from a parent to children 
records) that may link two or more records on a given 
hierarchy level based at least in part on determining that the 
two or more records share a common parent record. 
0.124. According to an example implementation of the 
disclosed technology, one or more matched fields having 
field values that at least partially match the one or more 
search value may be identified from the plurality of records 
in the linked hierarchical database by identifying, from the 
one or more base tables, one or more matched fields having 
field values that at least partially match the one or more 
search values. In certain example implementations, identi 
fying the one or more matched fields may include determin 
ing highest compelling linkages among the hierarchical 
database records. Such a determination may include identi 
fying mutually preferred pairs of records from the hierar 
chical database records, each mutually preferred pair of 
records consisting of a first record and a second record, the 
first record consisting of a preferred record associated with 
the second record and the second record consisting of a 
preferred record associated with the first record, wherein the 
mutually preferred pairs of records each has a match score 
that meets pre-specified match criteria. In certain embodi 
ments, the one or more matched fields may be further 
identified by assigning, for each record from the hierarchical 
database records, at least one associated preferred record, 
where a match value assigned to a given record together with 
its associated preferred record is at least as great as a match 
value assigned to the record together with any other record 
in the database records. Certain embodiments may further 
include forming and storing a plurality of entity represen 
tations in the database, each entity representation of the 
plurality of entity representations comprising at least one 
linked pair of mutually preferred records. 
0.125. An example method 900 for performing external 
linking based on hierarchal level weightings will now be 
described with reference to the flowchart of FIG. 9. The 
method 900 starts in block 902, and according to an example 
implementation includes associating external query data 
having one or more query field values with a record in a 
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linked hierarchical database, the linked hierarchical database 
including a plurality of records, each record having a record 
identifier and representing an entity in a hierarchy, each 
record associated with a hierarchy level, each record includ 
ing one or more fields, each field configured to contain a 
field value, the associating including receiving the external 
query data, wherein the external query data comprises one or 
more search values; and identifying, from the plurality of 
records in the linked hierarchical database, one or more 
matched fields having field values that at least partially 
match the one or more search values. In block 904, the 
method 900 includes scoring, with Zero or more match 
weights, each of the one or more matched fields. In block 
906, the method 900 includes determining an aggregate 
weight for each matched field based at least in part on the 
scoring with the Zero or more match weights. In block 908, 
the method 900 includes sorting the one or more matched 
fields according to the determined aggregate weights. In 
block 910, the method 900 includes merging, based at least 
in part on determining the aggregate weights, the one or 
more matched fields to form a merged table having records 
with matched fields sorted by aggregate weights. In block 
912, the method 900 includes scoring the merged table based 
at least in part on the aggregate weights. In block 914, the 
method 900 includes identifying, based at least in part on the 
scoring, a grouping comprising one or more of the plurality 
of entities within a same branch of the hierarchy and 
corresponding to different hierarchy levels. In block 916, the 
method 900 includes outputting, based at least in part on the 
scoring and identifying, a record identifier corresponding to 
a matching entity in the hierarchy. 
0126. According to an example implementation, scoring, 
with the Zero or more match weights may include scoring 
each of the one or more matched fields with a uniqueness 
weight, the uniqueness weight representing a specificity of 
the field value in relation to all field values in a correspond 
ing field of the plurality of records in the linked hierarchical 
database. 

I0127 Certain example implementations may further 
include at least partially forming one or more search tables 
corresponding to the one or more search values; and at least 
partially forming one or more base tables corresponding to 
the one or more fields of the plurality of records of the linked 
hierarchical database. In an example implementation, merg 
ing, based at least in part on determining the aggregate 
weights may include combining at least a portion of the one 
or more search tables and the one or more base tables to form 
the merged table. In an example implementation, at least 
partially forming the one or more base tables may include at 
least partially forming tables having multiple fields and 
wherein the base tables comprise record identifiers for each 
entity in the hierarchy. Example implementations may fur 
ther include sorting each entity in the hierarchy by an 
associated hierarchy level, where the sorting each entity in 
the hierarchy by the associated hierarchy level includes 
progressively sorting each entity in the hierarchy by each 
hierarchy level from a highest level to a lowest level in the 
hierarchy. 
0128. According to an example implementation, the one 
or more search tables may include Zero or more common 
fields. In certain example embodiments, the one or more 
base tables may include Zero or more common field. In 
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certain example implementations, the one or more base 
tables may include record identifiers for each entity in the 
hierarchy. 
0129. Example embodiments of the disclosed technology 
may further include determining, from the merged table, and 
based at least in part from the aggregate weights, a first 
leading scorer of the matched fields and a second leading 
scorer of the matched fields, the first leading scorer associ 
ated with a record having a highest aggregate weight and the 
second leading scorer associated with a record having a 
second highest aggregate weight. Certain example imple 
mentations may include determining a first condition com 
prising whether a first weight associated with the first 
leading scorer meets or exceeds a first predetermined value. 
Certain example implementations may include determining 
a second condition comprising whether a difference between 
the first weight and a second weight associated with the 
second leading scorer meets or exceeds a second predeter 
mined value. According to an example implementation, a 
matching entity may correspond to the first leading scorer 
and is based at least in part on the determining of the first 
condition and on the determining of the second condition. In 
accordance with an example implementation, the matching 
entity may further correspond to an entity associated with a 
lowest hierarchy level associated with the grouping. 
0130. Example implementations of the disclosed technol 
ogy may further include merging aggregate weights of one 
or more entities associated with intermediate hierarchy 
levels in the grouping in response to determining that the 
first condition or the second condition is not met. Certain 
example embodiments may include re-determining the first 
condition and the second condition, and outputting a record 
identifier corresponding to an entity associated with a lowest 
hierarchy level of the grouping in response to re-determining 
the first condition and the second condition. According to an 
example implementation, an aggregate weight for each field 
may be based, at least in part, on field values scored from 
each of the plurality of records in the linked hierarchical 
database. 

(3) Populating Entity Fields Based on Hierarchy 
Partial Resolution 

0131. In accordance with certain example implementa 
tions of the disclosed technology, interrelations among 
records in a data structure may be organized according to 
strict hierarchical relationships, and the hierarchy relation 
ships and structure may already be known (or previously 
determined). In an example implementation, such relation 
ships may be utilized to enhance performance and accuracy 
of certain processes. Such as those associated with form 
filling, searching, etc. 
0132) For example, consider a typical process for enter 
ing information in an online form. The traditional form 
filling process may rely upon the user to enter correct 
information in form input boxes. The form may be associ 
ated with an auto-correct and/or an autofill feature that may 
Suggest spelling corrections and/or automatically populate a 
field based on information from a previously filled form. A 
typical online form-filling process may allow a user to enter 
information in the form without relying on the actual data in 
a hierarchy. As an example, consider the field-by-by field 
basis of a typical autofill function. If a user types the letters 
“M” and “I” in a city field of a form, the city starting with 
MI and having the largest population may autofill the form. 
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Since many cities start with the letters “MI, unless it was 
intended by the user to enter “Miami, then the autofill may 
produce the wrong results, which could lead to an error in 
the form. 
0133. In a typical search engine, and in response to 
receiving a term or phrase as a query input, the search engine 
may rely upon previously indexed words that have been 
extracted from web page titles, page content, headings, etc., 
and results may be returned based on relevance to the query. 
For example, when a user enters a query into a search 
engine, the engine may examine an index and provide a 
listing of best-matching results. However, a traditional 
search engine may not utilize information in a hierarchy 
structure to limit the scope of the search to results within the 
hierarchy. 
I0134. According to an example implementation of the 
disclosed technology, input data may be received at a 
processor (for example, in response to a user typing char 
acters into an online form field) and as the input data is 
received, embodiments of the disclosed technology may 
begin to resolve an entity in a hierarchy based on the 
received input data. According to an example implementa 
tion of the disclosed technology, resolving the entity, and 
having access to its relationship in the hierarchy may allow 
enhancing Suggestions for further specificity as additional 
query information is typed into associated form fields and 
received by the processor. 
0.135 Example embodiments of the disclosed technology 
may provide the technical effect and benefit of speeding up 
the rate at which data may be entered. Such a technical effect 
may provide enhanced customer service, enhanced accu 
racy, and/or an enhanced user experience when filling-in 
forms or doing searches. Example embodiments of the 
disclosed technology may also provide form validation. For 
example, by offering Suggestions, or by only allowing entry 
of specific databased on the information from the hierarchy, 
the form may be populated with the correct information so 
that it can be 100% correct when it is submitted. 

0.136 FIG. 5A depicts example hierarchical structures 
500 for illustration purposes. The information shown may 
represent data in one or more a hierarchical databases that 
are associated with “Widget Stores. For example, the 
hierarchy structure depicted on the left side may include 
headquarters for “Brand 1 502 with a child “Branch 1A' 
508 having children “Store 1A1510 and “Store 1A2512 
at different addresses. The hierarchy structure depicted in the 
center of FIG. 5A may include headquarters for “Brand 2 
504 with children “Branch 2B 514 and “Branch 2A 520. 
“Branch 2B 514 is depicted as having multiple children 
stores 516518519. “Branch 2A 520 is depicted as having 
children “Store 2A1 522 and “Store 2A2. 524 at different 
addresses. Finally, the hierarchy structure depicted in the 
right side of FIG. 5A may include headquarters for “Brand 
3” 506 with a child “Branch 3A 530 having child “Store 
3A1532. The known hierarchical relationships, as depicted 
in this example, may be utilized for providing enhanced 
form filling and/or searching features in example embodi 
ments, and will be explained below with reference to FIG. 
5B and FIG. 5C. 

I0137 FIG. 5B depicts an intermediate result of an exter 
nal linking process based on hierarchal level weightings 
and/or partial resolution, according to an example imple 
mentation of the disclosed technology. For example, a user 
may begin entering “Widgets New York’ into a form field 
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503. Based on the query information, and according to an 
example implementation, the various hierarchies associated 
with the word “widget may be utilized as soon as the first 
query term (or just a part of the term) is entered and/or 
received by the system and/or server and/or processor. In an 
example implementation, a Suggestion 505 for narrowing 
the specificity of the search, or for populating a Subsequent 
query field may be output for display based on the first query 
term. For example, the offered suggestions 505 may include 
“Brand 1’ “Brand 2 and/or “Brand 3 since each of these 
brands may be associated with the term “widgets, and the 
user may select one of the offered suggestions, rather than 
having to manually enter the term, thereby eliminating 
COS. 

0.138. In accordance with various example implementa 
tions of the disclosed technology, and in response to a 
particular search term (or token) being entered into a form 
field 503, certain offered suggestions 505 related to the 
search term may be presented, for example, as a list, 
dropdown menu, etc. In one example implementation, mul 
tiple entities may be returned and provided in a list for 
selection. In certain example implementations of the dis 
closed technology, selecting one of the offered Suggestions 
505 may filter and/or sort the offered suggestions 505 list for 
further entity specificity based on the selection. 
0.139. In an example implementation, and in response to 
a particular search term (or token) being entered into a form 
field 503, multiple entities may be provided as offered 
suggestions 505. For example, a user may be presented with 
all child entity records 550 552 (and grandchild entity 
records, etc.) related to the search term, as depicted in FIG. 
2B. In certain example implementations of the disclosed 
technology, the offered suggestions 505 may be filtered 
and/or sorted based on the specificity of the particular search 
term (or token). In certain example implementations of the 
disclosed technology, the specificity of the search term (or 
token) in relation to a parent entity (and/or grandparent 
entity records, etc.) may also be utilized to sort and/or filter 
the returned results or further offered suggestions 505. 
0140. As shown in FIG. 5B, and for further illustration, 
after user enters “Widgets New York” into a form field 503, 
part of the original hierarchy structure associated with 
“widgets' may no longer apply, and only those branches 550 
552 that relate to both “widgets” and “New York” need to be 
searched, or offered for form input suggestion. 
0141. In accordance with various example implementa 
tions of the disclosed technology, and in response to a 
particular search term (or token) being entered into a form 
field 503, certain offered suggestions 505 related to the 
search term may be presented, for example, as a list, 
dropdown menu, etc. In one example implementation, mul 
tiple entities may be returned and provided in a list for 
selection. In certain example implementations of the dis 
closed technology, selecting one of the offered Suggestions 
505 may filter and/or sort the offered suggestions 505 list for 
further entity specificity based on the selection. 
0142. In an example implementation, and in response to 
a particular search term (or token) being entered into a form 
field 503, multiple entities may be provided as offered 
suggestions 505. For example, a user may be presented with 
all child entity records 550 552 (and grandchild entity 
records, etc.) related to the search term, as depicted in FIG. 
2B. In certain example implementations of the disclosed 
technology, the offered suggestions 505 may be filtered 
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and/or sorted based on the specificity of the particular search 
term (or token). In certain example implementations of the 
disclosed technology, the specificity of the search term (or 
token) in relation to a parent entity (and/or grandparent 
entity records, etc.) may also be utilized to sort and/or filter 
the returned results or further offered suggestions 505. FIG. 
5C continues this illustration and depicts example results 
that may be narrowed down to a specific record 554 in the 
hierarchy based on the input query data and/or selected 
suggested terms. For example, after entering “Widgets New 
York’ in a form field 503, the available brands of widgets in 
New York may be offered for suggestion. The user may 
select one of the brands (for example “Brand 3 in a 
subsequent form field 505) and in response, available types 
of widgets (for example “A Widgets’) may be offered for 
suggestion in a subsequent form field 507. Based on this 
information, the user may see that the type of widget 554 she 
is searching for may be located at a particular location 532, 
such as “Store 3A1 on “50' and 3".” It should be noted 
that the illustration provided here and described with refer 
ence to FIGS. 5A-5C is intended to serve as a general 
example, and is not intended to limit the scope of the 
disclosed technology. 
0.143 An example method 1000 for populating entity 
fields based on hierarchy partial resolution will now be 
described with reference to the flowchart of FIG. 10. The 
method 1000 starts in block 1002, and according to an 
example implementation includes receiving, at a computing 
device, a first indication input comprising at least a portion 
of a first query term. In block 1004, the method 1000 
includes identifying, based on the received first indication 
input, one or more first matching records in a hierarchical 
database, the hierarchical database comprising a plurality of 
records, each record representing an entity in a hierarchy, 
each record associated with a level of the hierarchy, each 
record comprising one or more fields, each field of the one 
or more fields configured to contain a field value, the one or 
more first matching records comprising one or more fields 
having an associated first matching field value that at least 
partially matches the received portion of the first query term. 
In block 1006, the method 1000 includes outputting, for 
display, one or more first matching field values of the one or 
more first matching records. In block 1008, the method 1000 
includes receiving, at the computing device, a second indi 
cation input signifying a selection of one of the one or more 
first matching field values. In block 1010, the method 1000 
includes receiving, at the computing device, a third indica 
tion input comprising at least a portion of a second query 
term. In block 1012, the method 1000 includes identifying, 
based on the received second indication input and the third 
indication input, Zero or more second matching records in 
the hierarchical database, the Zero or more second matching 
records comprising one or more fields having an associated 
second matching field value that at least partially matches 
the received portion of the second query term, wherein the 
Zero or more second matching records comprise child hier 
archy records associated with the one or more first matching 
records. In block 1014, the method 1000 includes output 
ting, for display, Zero or more second matching field values 
of the Zero or more second matching records. 
0144. In certain example implementations of the dis 
closed technology, the Zero or more second matching 
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records, as referred-to above, may include only child hier 
archy records associated with the one or more first matching 
records. 
0145 Certain example implementations may further 
include determining an uppermost hierarchical level corre 
sponding to the one or more first matching records. In 
certain example implementations of the disclosed technol 
ogy, outputting, for display, the one or more first matching 
field values associated with the one or more first matching 
records may further include outputting one or more first 
matching field values that are associated the uppermost 
hierarchical level. 
0146 According to an example implementation, identi 
fying the one or more first matching records or the Zero or 
more second matching records may include any number of 
processes, including, but not limited to fuzzy matching, 
string metrics (such as Levenshtein distance), phonetic pro 
cesses or algorithms (such as Metaphone), etc. In certain 
example implementations, identifying the matching records 
may include a cascade process that utilizes multiple pro 
CCSSCS. 

0147 According to an example implementation, the dis 
closed technology may include outputting, for display, the 
one or more first matching field values of the one or more 
first matching records comprises a progressive correction of 
the first indication input. In certain example implementa 
tions of the disclosed technology, outputting, for display, the 
Zero or more second matching field values of the Zero or 
more second matching records includes a progressive cor 
rection of the third indication input. 
0148 Certain example implementations may include 
receiving, at a computing device, a fourth indication input 
signifying a selection of a second matching field value and 
identifying, based on the received fourth indication input 
and the third indication input, Zero or more third matching 
records in the hierarchical database, the Zero or more third 
matching records may include one or more fields having an 
associated third matching field value that at least partially 
matches the received portion of the second query term, 
wherein the Zero or more third matching records may 
include child hierarchy records associated with the Zero or 
more second matching records. Certain example implemen 
tations may further include outputting, for display, Zero or 
more third matching field values of the Zero or more third 
matching records. 
014.9 The various embodiments disclosed herein may 
provide the technical effect of increasing speed and/or 
accuracy of various computer-implemented applications, 
including but not limited to data analytics, entity resolution, 
entity searching, and/or removal of duplicate records. 
0150 Preferably, the embodiments described herein pro 
vide for computer-implemented Systems and/or methods to 
be performed using one or more computer processors. In 
certain example implementations, specialized computer sys 
tems may be preferable, for example, to handle the process 
ing of databases with large amounts of data and/or to provide 
relatively fast processing speeds, etc. 
0151. In some instances, the systems described herein 
may include one or more computing devices that may be 
utilized to perform the methods and/or processes described 
herein. Example computing devices, as disclosed herein, 
may be referred to as one or more of a: desktop computer, 
server, laptop computer, tablet computer, set-top box, tele 
vision, appliance, game device, medical device, display 
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device, or some other like terminology including a mobile 
device, mobile computing device, a mobile station (MS), 
terminal, cellular phone, cellular handset, personal digital 
assistant (PDA), Smartphone, wireless phone, organizer, 
handheld computer. In other instances, a computing device 
may be a processor, controller, or a central processing unit 
(CPU). In yet other instances, a computing device may be a 
set of hardware components. 
0152 The various aspects described herein are presented 
as methods, devices (or apparatus), systems, and articles of 
manufacture that may include a number of components, 
elements, members, modules, nodes, peripherals, or the like. 
Further, these methods, devices, systems, and articles of 
manufacture may include or not include additional compo 
nents, elements, members, modules, nodes, peripherals, or 
the like. 

0153. In some instances, a graphical user interface may 
be utilized herein and referred to as an object-oriented user 
interface, an application oriented user interface, a web-based 
user interface, a touch-based user interface, or a virtual 
keyboard. Certain example embodiments may include a 
presence-sensitive display, as discussed herein, which may 
be a display that accepts input by the proximity of a finger, 
a stylus, or an object near the display. For example, a user 
may provide an input to a computing device by touching the 
Surface of a presence-sensitive display using a finger. In 
another example implementation, a user may provide input 
to a computing device by gesturing without physically 
touching any object. For example, a gesture may be received 
via a video camera or depth camera. 
0154 In some instances, a presence-sensitive display can 
have two main attributes. First, it may enable a user to 
interact directly with what is displayed, rather than indi 
rectly via a pointer controlled by a mouse or touchpad. 
Secondly, it may allow a user to interact without requiring 
any intermediate device that would need to be held in the 
hand. Such displays may be attached to computers, or to 
networks as terminals. Such displays may also play a 
prominent role in the design of digital appliances such as the 
personal digital assistant (PDA), satellite navigation 
devices, mobile phones, and video games. Further, Such 
displays may include a capture device and a display. 
0155 According to one example implementation, the 
terms computing device or mobile computing device, as 
used herein, may be a CPU, or conceptualized as a CPU (for 
example, the CPU 1102 of FIG. 11). In certain example 
implementations, the computing device (CPU) may be 
coupled, connected, and/or in communication with one or 
more peripheral devices, such as display, navigation system, 
Stereo, entertainment center, Wi-Fi access point, etc. In 
another example implementation, the term computing 
device or mobile computing device, as used herein, may 
refer to a mobile computing device. Such as a Smartphone, 
mobile station (MS), terminal, cellular phone, cellular hand 
set, personal digital assistant (PDA), Smartphone, wireless 
phone, organizer, handheld computer, desktop computer, 
laptop computer, tablet computer, set-top box, television, 
appliance, game device, medical device, display device, or 
Some other like terminology. In an example embodiment, the 
mobile computing device may output content to its local 
display and/or speaker(s). In another example implementa 
tion, the mobile computing device may output content to an 
external display device (e.g., over Wi-Fi) such as a TV or an 
external computing system. 
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0156 Furthermore, the various aspects described herein 
may be implemented using standard programming or engi 
neering techniques to produce Software, firmware, hardware, 
or any combination thereof to control a computing device to 
implement the disclosed subject matter. The term “article of 
manufacture' as used herein is intended to encompass a 
computer program accessible from any computing device, 
carrier, or media. For example, a computer-readable medium 
may include: a magnetic storage device Such as a hard disk, 
a floppy disk or a magnetic strip; an optical disk Such as a 
compact disk (CD) or digital versatile disk (DVD); a smart 
card; and a flash memory device such as a card, Stick or key 
drive. Additionally, it should be appreciated that a carrier 
wave may be employed to carry computer-readable elec 
tronic data including those used in transmitting and receiv 
ing electronic data such as electronic mail (e-mail) or in 
accessing a computer network Such as the Internet or a local 
area network (LAN). Of course, a person of ordinary skill in 
the art will recognize many modifications may be made to 
this configuration without departing from the scope or spirit 
of the claimed subject matter. 
0157 Various implementations of the communication 
systems and methods herein may be embodied in non 
transitory computer readable media for execution by a 
processor. An example implementation may be used in an 
application of a mobile computing device. Such as a Smart 
phone or tablet, but other computing devices may also be 
used, such as to portable computers, tablet PCs, Internet 
tablets, PDAs, ultra mobile PCs (UMPCs), etc. 
0158 FIG. 11 depicts a block diagram of an illustrative 
computing device 1100 according to an example implemen 
tation. Various implementations and methods herein may be 
embodied in non-transitory computer readable media for 
execution by a processor. It will be understood that the 
computing device 1100 is provided for example purposes 
only and does not limit the scope of the various implemen 
tations of the communication systems and methods. 
0159. The computing device 1100 of FIG. 11 includes a 
central processing unit (CPU) 1102, where computer 
instructions are processed; a display interface 1104 that acts 
as a communication interface and provides functions for 
rendering video, graphics, images, and texts on the display. 
In certain example implementations of the disclosed tech 
nology, the display interface 1108 may be directly connected 
to a local display 1107. In another example implementation, 
the display interface 1108 may be configured for providing 
data, images, and other information for an external/remote 
display 1150 that is not necessarily physically connected to 
the mobile computing device. For example, a desktop moni 
tor may be utilized for mirroring graphics and other infor 
mation that is presented on a mobile computing device. In 
certain example implementations, the display interface 1108 
may wirelessly communicate, for example, via a Wi-Fi 
channel or other available network connection interface 
1112 to the external/remote display 1150. 
0160. In an example implementation, the network con 
nection interface 1112 may be configured as a communica 
tion interface and may provide functions for rendering 
Video, graphics, images, text, other information, or any 
combination thereof on the display. In one example, a 
communication interface may include a serial port, a parallel 
port, a general purpose input and output (GPIO) port, a game 
port, a universal serial bus (USB), a micro-USB port, a high 
definition multimedia (HDMI) port, a video port, an audio 

Sep. 29, 2016 

port, a Bluetooth port, a near-field communication (NFC) 
port, another like communication interface, or any combi 
nation thereof. 

0.161 The computing device 1100 may include a key 
board interface 1106 that provides a communication inter 
face to a keyboard. In one example implementation, the 
computing device 1100 may include a presence-sensitive 
display interface 1108 for connecting to a presence-sensitive 
display 1107. According to certain example implementations 
of the disclosed technology, the presence-sensitive display 
interface 1108 may provide a communication interface to 
various devices Such as a pointing device, a touch screen, a 
depth camera, etc. which may or may not be associated with 
a display. 
0162 The computing device 1100 may be configured to 
use an input device via one or more of input/output inter 
faces (for example, the keyboard interface 1106, the display 
interface 1108, the presence sensitive display interface 1108, 
network connection interface 1112, camera interface 1114, 
sound interface 1116, etc.) to allow a user to capture 
information into the computing device 1100. The input 
device may include a mouse, a trackball, a directional pad, 
a track pad, a touch-verified track pad, a presence-sensitive 
track pad, a presence-sensitive display, a scroll wheel, a 
digital camera, a digital video camera, a web camera, a 
microphone, a sensor, a Smartcard, and the like. Addition 
ally, the input device may be integrated with the computing 
device 1100 or may be a separate device. For example, the 
input device may be an accelerometer, a magnetometer, a 
digital camera, a microphone, and an optical sensor. 
0163 Example implementations of the computing device 
1100 may include an antenna interface 1110 that provides a 
communication interface to an antenna; a network connec 
tion interface 1112 that provides a communication interface 
to a network. As mentioned above, the display interface 
1108 may be in communication with the network connection 
interface 1112, for example, to provide information for 
display on a remote display that is not directly connected or 
attached to the system. In certain implementations, a camera 
interface 1114 is provided that acts as a communication 
interface and provides functions for capturing digital images 
from a camera. In certain implementations, a sound interface 
1116 is provided as a communication interface for convert 
ing Sound into electrical signals using a microphone and for 
converting electrical signals into Sound using a speaker. 
According to example implementations, a random access 
memory (RAM) 1118 is provided, where computer instruc 
tions and data may be stored in a volatile memory device for 
processing by the CPU 1102. 
0164. According to an example implementation, the com 
puting device 1100 includes a read-only memory (ROM) 
1120 where invariant low-level system code or data for basic 
system functions such as basic input and output (I/O), 
startup, or reception of keystrokes from a keyboard are 
stored in a non-volatile memory device. According to an 
example implementation, the computing device 1100 
includes a storage medium 1122 or other suitable type of 
memory (e.g. Such as RAM, ROM, programmable read-only 
memory (PROM), erasable programmable read-only 
memory (EPROM), electrically erasable programmable 
read-only memory (EEPROM), magnetic disks, optical 
disks, floppy disks, hard disks, removable cartridges, flash 
drives), where the files include an operating system 1124. 
application programs 1126 (including, for example, a web 
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browser application, a widget or gadget engine, and or other 
applications, as necessary) and data files 1128 are stored. 
According to an example implementation, the computing 
device 1100 includes a power source 1130 that provides an 
appropriate alternating current (AC) or direct current (DC) 
to power components. According to an example implemen 
tation, the computing device 1100 includes and a telephony 
subsystem 1132 that allows the device 1100 to transmit and 
receive sound over a telephone network. The constituent 
devices and the CPU 1102 communicate with each other 
over a bus 1134. 
0.165. In accordance with an example implementation, 
the CPU 1102 has appropriate structure to be a computer 
processor. In one arrangement, the computer CPU 1102 may 
include more than one processing unit. The RAM 1118 
interfaces with the computer bus 1134 to provide quick 
RAM storage to the CPU 1102 during the execution of 
Software programs such as the operating system application 
programs, and device drivers. More specifically, the CPU 
1102 loads computer-executable process steps from the 
storage medium 1122 or other media into a field of the RAM 
1118 in order to execute software programs. Data may be 
stored in the RAM 1118, where the data may be accessed by 
the computer CPU 1102 during execution. In one example 
configuration, the device 1100 includes at least 128 MB of 
RAM, and 256 MB of flash memory. 
0166 The storage medium 1122 itself may include a 
number of physical drive units. Such as a redundant array of 
independent disks (RAID), a floppy disk drive, a flash 
memory, a USB flash drive, an external hard disk drive, 
thumb drive, pen drive, key drive, a High-Density Digital 
Versatile Disc (HD-DVD) optical disc drive, an internal hard 
disk drive, a Blu-Ray optical disc drive, or a Holographic 
Digital Data Storage (HDDS) optical disc drive, an external 
mini-dual in-line memory module (DIMM) synchronous 
dynamic random access memory (SDRAM), or an external 
micro-DIMM SDRAM. Such computer readable storage 
media allow the device 1100 to access computer-executable 
process steps, application programs and the like, stored on 
removable and non-removable memory media, to off-load 
data from the device 1100 or to upload data onto the device 
1100. A computer program product, Such as one utilizing a 
communication system may be tangibly embodied in Storage 
medium 1122, which may comprise a machine-readable 
storage medium. 
0167 According to one example implementation, the 
term computing device, as used herein, may be a CPU, or 
conceptualized as a CPU (for example, the CPU 1102 of 
FIG. 11). In this example implementation, the computing 
device (CPU) may be coupled, connected, and/or in com 
munication with one or more peripheral devices, such as 
display. In another example implementation, the term com 
puting device, as used herein, may refer to a mobile com 
puting device, such as a Smartphone or tablet computer. In 
this example embodiment, the computing device may output 
content to its local display and/or speaker(s). In another 
example implementation, the computing device may output 
content to an external display device (e.g., over Wi-Fi) such 
as a TV or an external computing system. 
0.168. In example implementations of the disclosed tech 
nology, the computing device 1100 may include any number 
of hardware and/or software applications that are executed 
to facilitate any of the operations. In example implementa 
tions, one or more I/O interfaces may facilitate communi 
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cation between the computing device 1100 and one or more 
input/output devices. For example, a universal serial bus 
port, a serial port, a disk drive, a CD-ROM drive, and/or one 
or more user interface devices, such as a display, keyboard, 
keypad, mouse, control panel, touch screen display, micro 
phone, etc., may facilitate user interaction with the comput 
ing device 1100. The one or more I/O interfaces may be 
utilized to receive or collect data and/or user instructions 
from a wide variety of input devices. Received data may be 
processed by one or more computer processors as desired in 
various implementations of the disclosed technology and/or 
stored in one or more memory devices. 
0169. One or more network interfaces may facilitate 
connection of the computing device 1100 inputs and outputs 
to one or more Suitable networks and/or connections; for 
example, the connections that facilitate communication with 
any number of sensors associated with the system. The one 
or more network interfaces may further facilitate connection 
to one or more Suitable networks; for example, a local area 
network, a wide area network, the Internet, a cellular net 
work, a radio frequency network, a Bluetooth enabled 
network, a Wi-Fi enabled network, a satellite-based network 
any wired network, any wireless network, etc., for commu 
nication with external devices and/or systems. 
0170 As desired, implementations of the disclosed tech 
nology may include the computing device 1100 with more or 
less of the components illustrated in FIG. 11. 
0171 Certain implementations of the disclosed technol 
ogy are described above with reference to block and flow 
diagrams of systems and methods and/or computer program 
products according to example implementations of the dis 
closed technology. It will be understood that one or more 
blocks of the block diagrams and flow diagrams, and com 
binations of blocks in the block diagrams and flow diagrams, 
respectively, can be implemented by computer-executable 
program instructions. Likewise, Some blocks of the block 
diagrams and flow diagrams may not necessarily need to be 
performed in the order presented, or may not necessarily 
need to be performed at all, according to some implemen 
tations of the disclosed technology. 
0172. These computer-executable program instructions 
may be loaded onto a general-purpose computer, a special 
purpose computer, a processor, or other programmable data 
processing apparatus to produce a particular machine. Such 
that the instructions that execute on the computer, processor, 
or other programmable data processing apparatus create 
means for implementing one or more functions specified in 
the flow diagram block or blocks. These computer program 
instructions may also be stored in a computer-readable 
memory that can direct a computer or other programmable 
data processing apparatus to function in a particular manner, 
such that the instructions stored in the computer-readable 
memory produce an article of manufacture including 
instruction means that implement one or more functions 
specified in the flow diagram block or blocks. As an 
example, implementations of the disclosed technology may 
provide for a computer program product, comprising a 
computer-usable medium having a computer-readable pro 
gram code or program instructions embodied therein, said 
computer-readable program code adapted to be executed to 
implement one or more functions specified in the flow 
diagram block or blocks. The computer program instructions 
may also be loaded onto a computer or other programmable 
data processing apparatus to cause a series of operational 
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elements or steps to be performed on the computer or other 
programmable apparatus to produce a computer-imple 
mented process Such that the instructions that execute on the 
computer or other programmable apparatus provide ele 
ments or steps for implementing the functions specified in 
the flow diagram block or blocks. 
0173 Accordingly, blocks of the block diagrams and 
flow diagrams Support combinations of means for perform 
ing the specified functions, combinations of elements or 
steps for performing the specified functions and program 
instruction means for performing the specified functions. It 
will also be understood that each block of the block dia 
grams and flow diagrams, and combinations of blocks in the 
block diagrams and flow diagrams, can be implemented by 
special-purpose, hardware-based computer systems that per 
form the specified functions, elements or steps, or combi 
nations of special-purpose hardware and computer instruc 
tions. 
0.174 Certain implementations of the disclosed technol 
ogy are described above with reference to mobile computing 
devices. Those skilled in the art recognize that there are 
several categories of mobile devices, generally known as 
portable computing devices that can run on batteries but are 
not usually classified as laptops. For example, mobile 
devices can include, but are not limited to portable comput 
ers, tablet PCs, Internet tablets, PDAs, ultra mobile PCs 
(UMPCs) and smartphones. 
0175 While certain implementations of the disclosed 
technology have been described in connection with what is 
presently considered to be the most practical and various 
implementations, it is to be understood that the disclosed 
technology is not to be limited to the disclosed implemen 
tations, but on the contrary, is intended to cover various 
modifications and equivalent arrangements included within 
the scope of the appended claims. Although specific terms 
are employed herein, they are used in a generic and descrip 
tive sense only and not for purposes of limitation. 
0176 This written description uses examples to disclose 
certain implementations of the disclosed technology, includ 
ing the best mode, and also to enable any person skilled in 
the art to practice certain implementations of the disclosed 
technology, including making and using any devices or 
systems and performing any incorporated methods. The 
patentable scope of certain implementations of the disclosed 
technology is defined in the claims, and may include other 
examples that occur to those skilled in the art. Such other 
examples are intended to be within the scope of the claims 
if they have structural elements that do not differ from the 
literal language of the claims, or if they include equivalent 
structural elements with insubstantial differences from the 
literal language of the claims. 
We claim: 
1. A computer-implemented method comprising: 
clustering hierarchical database records into a first set of 

clusters having corresponding first cluster identifica 
tions (IDs), wherein each hierarchical database record 
corresponds to an entity representation, each hierarchi 
cal database record comprising a plurality of fields, 
each field configured to contain a field value, and each 
field value assigned a field value weight corresponding 
to a specificity of the field value in relation to all field 
values in a corresponding field of the hierarchical 
database records, the clustering based at least in part on 
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determining similarity among corresponding field val 
ues of the hierarchical database records: 

determining parent-child hierarchical 
among the hierarchical database records; 

associating related hierarchical database records by 
applying a hierarchal directional linking process, the 
hierarchal directional linking process comprising 
Selecting and applying at least an upward process based 
on the determined parent-child hierarchical relationship 
wherein the upward process comprises: 
determining, from the parent-child hierarchical rela 

tionships, similarity among a plurality of child 
records having initial separate parent records; 

in response to determining a threshold similarity among 
the plurality of child records, inferring that the initial 
separate parent records correspond to the same 
entity; and 

linking, responsive to the inferring, the initial separate 
parent records as inferred common parent records; 
and 

outputting database record information, based at least in 
part on associating the related hierarchical database 
records. 

2. The method of claim 1, wherein the hierarchal direc 
tional linking process further comprises selecting and apply 
ing a downward process comprising linking two or more 
records on a given hierarchy level based at least in part on 
the two records sharing the inferred common parent records. 

3. The method of claim 1, wherein determining the 
similarity among the corresponding field values of the 
database records comprises: 

assigning a hyperspace attribute to each database record, 
wherein the hyperspace attribute corresponding to two 
database records is correlated with a similarity of the 
corresponding field values of the two database records; 

determining membership of each database record in a 
plurality of hyperspace clusters based at least in part on 
the hyperspace attributes; 

assigning, to each record, a cluster ID and a match value 
reflecting a likelihood that the record is a member of a 
particular hyperspace cluster, and 

linking related records based at least in part on the cluster 
ID and the match value. 

4. The method of claim 3, further comprising: 
merging database records having hyperspace attribute 

differences within a predefined criteria to eliminate 
similar exemplars that are likely to represent a same 
entity, the merging resulting in a reduced set of data 
base records; 

recalculating the field value weights for the reduced set of 
database records; and 

re-clustering the reduced set of records based at least in 
part on the recalculated field value weights. 

5. The method of claim 3, wherein the determining 
membership of each database record in the plurality of 
hyperspace clusters further comprises creating a plurality of 
nodes at random locations in hyperspace, each node main 
taining records in hyperspace based on the hyperspace 
attribute for which it is the closest node. 

6. The method of claim 1, further comprising: 
re-clustering at least a portion of the database records into 

a second set of clusters having corresponding second 
cluster IDs, the re-clustering based at least in part on 
the associating related hierarchical database records 

relationships 
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and on the determining similarity among corresponding 
field values of the database records; and 

outputting database record information, based at least in 
part on the re-clustering. 

7. The method of claim 1, wherein the associating related 
hierarchical database records further comprises: 

determining highest compelling linkages among the hier 
archical database records, the determining comprising: 
identifying mutually preferred pairs of records from the 

hierarchical database records, each mutually pre 
ferred pair of records consisting of a first record and 
a second record, the first record consisting of a 
preferred record associated with the second record 
and the second record consisting of a preferred 
record associated with the first record, wherein the 
mutually preferred pairs of records each has a match 
score that meets pre-specified match criteria; 

assigning, for each record from the hierarchical data 
base records, at least one associated preferred record, 
wherein a match value assigned to a given record 
together with its associated preferred record is at 
least as great as a match value assigned to the record 
together with any other record in the database 
records; and 

forming and storing a plurality of entity representations 
in the database, each entity representation of the 
plurality of entity representations comprising at least 
one linked pair of mutually preferred records. 

8. A computer-implemented method comprising: 
clustering hierarchical database records into a first set of 

clusters having corresponding first cluster identifica 
tions (IDs), wherein each hierarchical database record 
corresponds to an entity representation, each hierarchi 
cal database record comprising a plurality of fields, 
each field configured to contain a field value, and each 
field value assigned a field value weight corresponding 
to a specificity of the field value in relation to all field 
values in a corresponding field of the hierarchical 
database records, the clustering based at least in part on 
determining similarity among corresponding field val 
ues of the hierarchical database records: 

determining highest compelling linkages among the hier 
archical database records to identify at least one linked 
pair of mutually preferred records; and 

outputting database record information, based at least in 
part determining highest compelling linkages among 
the hierarchical database records. 

9. The method of claim 8, wherein determining the 
similarity among the corresponding field values of the 
hierarchical database records comprises: 

assigning a hyperspace attribute to each hierarchical data 
base record, wherein the hyperspace attribute corre 
sponding to two hierarchical database records is cor 
related with a similarity of the corresponding field 
values of the two hierarchical database records: 

determining membership of each hierarchical database 
record in a plurality of hyperspace clusters based at 
least in part on the hyperspace attributes; 

assigning, to each record, a cluster ID and a match value 
reflecting a likelihood that the record is a member of a 
particular hyperspace cluster, and 

linking related records based at least in part on the cluster 
ID and the match value. 
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10. The method of claim 9, further comprising merging 
hierarchical database records having hyperspace attribute 
differences within a predefined criteria to eliminate similar 
exemplars that are likely to represent a same entity, the 
merging resulting in a reduced set of hierarchical database 
records. 

11. The method of claim 10, further comprising: 
recalculating the field value weights for the reduced set of 

hierarchical database records; and 
re-clustering the reduced set of records based at least in 

part on the recalculated field value weights. 
12. The method of claim 8, wherein determining highest 

compelling linkages among the hierarchical database 
records further comprises: 

identifying mutually preferred pairs of records from the 
hierarchical database records, each mutually preferred 
pair of records consisting of a first record and a second 
record, the first record consisting of a preferred record 
associated with the second record and the second 
record consisting of a preferred record associated with 
the first record, wherein the mutually preferred pairs of 
records each has a match score that meets pre-specified 
match criteria; 

assigning, for each record from the database records, at 
least one associated preferred record, wherein a match 
value assigned to a given record together with its 
associated preferred record is at least as great as a 
match value assigned to the record together with any 
other record in the hierarchical database records; and 

forming and storing a plurality of entity representations in 
the database, each entity representation of the plurality 
of entity representations comprising at least one linked 
pair of mutually preferred records. 

13. The method of claim 8, further comprising: 
receiving parent-child hierarchical relationship informa 

tion for the hierarchical database records: 
re-clustering at least a portion of the hierarchical database 

records into a second set of clusters having correspond 
ing second cluster IDs, the re-clustering based at least 
in part on the received parent-child hierarchical rela 
tionship information; and 

outputting hierarchical database record information, 
based at least in part on the re-clustering. 

14. A system comprising: 
at least one memory for storing data and computer 

executable instructions; and 
at least one processor configured to access the at least one 
memory and further configured to execute the com 
puter-executable instructions for: 
clustering hierarchical database records into a first set 

of clusters having corresponding first cluster identi 
fications (IDs), wherein each hierarchical database 
record corresponds to an entity representation, each 
hierarchical database record comprising a plurality 
of fields, each field configured to contain a field 
value, and each field value assigned a field value 
weight corresponding to a specificity of the field 
value in relation to all field values in a corresponding 
field of the hierarchical database records, the clus 
tering based at least in part on determining similarity 
among corresponding field values of the hierarchical 
database records; 
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when a hierarchy structure of the hierarchical database 
records is unavailable: 
determining parent-child hierarchical relationships 
among the hierarchical database records; 

associating related hierarchical database records by 
applying a hierarchal directional linking process, 
the hierarchal directional linking process compris 
ing selecting and applying at least an upward 
process based on the determined parent-child hier 
archical relationship wherein the upward process 
comprises: 
determining, from the parent-child hierarchical 

relationships, similarity among a plurality of 
child records having initial separate parent 
records; 

in response to determining a threshold similarity 
among that the plurality of child records, infer 
ring that the initial separate parent records cor 
respond to the same entity; and 

linking, responsive to the inferring, the initial 
separate parent records as inferred common 
parent records; and 

when a hierarchy structure of the hierarchical database 
records is available: 
receiving parent-child hierarchical relationship infor 

mation for the hierarchical database records; and 
outputting hierarchical database record information, 

based at least in part on one or more of associating the 
related hierarchical database records and receiving the 
parent-child hierarchical relationship information. 

15. The system of claim 14, further comprising: 
when a hierarchy structure of the hierarchical database 

records is unavailable: 
re-clustering at least a portion of the hierarchical data 

base records into a second set of clusters having 
corresponding second cluster IDs, the re-clustering 
based at least in part on the associating related 
hierarchical database records and on the determining 
similarity among corresponding field values of the 
database records; and 

when a hierarchy structure of the hierarchical database 
records is available: 
re-clustering at least a portion of the hierarchical data 

base records into a second set of clusters having 
corresponding second cluster IDs, the re-clustering 
based at least in part on the received parent-child 
hierarchical relationship information; and 

outputting hierarchical database record information, 
based at least in part on the re-clustering. 

16. The system of claim 14, wherein determining the 
similarity among the corresponding field values of the 
hierarchal database records comprises: 

assigning a hyperspace attribute to each hierarchal data 
base record, wherein the hyperspace attribute corre 
sponding to two hierarchal database records is corre 
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lated with a similarity of the corresponding field values 
of the two hierarchal database records; 

determining membership of each hierarchal database 
record in a plurality of hyperspace clusters based at 
least in part on the hyperspace attributes; 

assigning, to each record, a cluster ID and a match value 
reflecting a likelihood that the record is a member of a 
particular hyperspace cluster, and 

linking related records based at least in part on the cluster 
ID and the match value. 

17. The system of claim 14, further comprising merging 
hierarchal database records having hyperspace attribute dif 
ferences within a predefined criteria to eliminate similar 
exemplars that are likely to represent a same entity, the 
merging resulting in a reduced set of hierarchal database 
records. 

18. The system of claim 17, further comprising: 
recalculating the field value weights for the reduced set of 

hierarchal database records; and 
re-clustering the reduced set of records based at least in 

part on the recalculated field value weights. 
19. The system of claim 16, wherein the determining 

membership of each database record in the plurality of 
hyperspace clusters further comprises creating a plurality of 
nodes at random locations in hyperspace, each node main 
taining records in hyperspace based on the hyperspace 
attribute for which it is the closest node. 

20. The system of claim 14, wherein the associating 
related hierarchical database records further comprises: 

determining highest compelling linkages among the hier 
archical database records, the determining comprising: 
identifying mutually preferred pairs of records from the 

hierarchical database records, each mutually pre 
ferred pair of records consisting of a first record and 
a second record, the first record consisting of a 
preferred record associated with the second record 
and the second record consisting of a preferred 
record associated with the first record, wherein the 
mutually preferred pairs of records each has a match 
score that meets pre-specified match criteria; 

assigning, for each record from the hierarchical data 
base records, at least one associated preferred record, 
wherein a match value assigned to a given record 
together with its associated preferred record is at 
least as great as a match value assigned to the record 
together with any other record in the hierarchical 
database records; and 

forming and storing a plurality of entity representations 
in the database, each entity representation of the 
plurality of entity representations comprising at least 
one linked pair of mutually preferred records. 
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